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Skeletal Muscle Mass to Visceral Fat Area Ratio is an 
Important Determinant Affecting Hepatic Conditions of 
Nonalcoholic Fatty Liver Disease 
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ɡ ƽńcʏNʎʝʟɉʦˠʳ˦ˠÍǄƾÍƻšÎ˩NAFLD˪ʐNʏȚʎɰʠˮNAFLDʏȩ
ʐɉʦˠʳ˦ˠÍǄƾÍƻŊ˩NASH˪ʔƂǞɾˬƻŹʜƻŨʏũţʎǔʠˮȗµˬNAFLDʏũţʋ
Ƞ«ʐˬƽńʏʘʍʞʁˬƎƸȰŁ¨˩ʴˠʳ˕ˇʦ˪ɶȹȞʀʠɼʋɶoɽʡʄˮ&ƟÙş²ʐNAF
LDʏ˟ʷʱzʊɰʠʋƳɳʞʡʠˮɾɵɾʍɶʞˬNAFLDʏŢÔʎɰʄɳʠ&ƟÙş²ʏÁɍʐVC
ǮăɽʡʉɱʍɱˮʃɼʊďŷƆʐˬNAFLDÎƴʎɴɺʠ@ǐǄƾNʋɝěƎŁ¨ʏ&ƟÙş²ɶ
NAFLDʏŢÔʎ^ʀÁɍʎʈɱʉĞǲɾʄˮ 
ɡ ¤ȃʐďȼ¬ŢȾʎɴɺʠNAFLDÎƴ337k˩male˰M/female˰F 197/140˪ˬɉNAFLDÎƴ29k
˩M/F 10/19˪ʋ8²ƴ106k˩M/F 48/58˪ʏǱ472kʋɾʄˮB˜˦˅ʎʝʠǄƾƻgradeˬelastographyʎ
ʝʠƻŹ¹˩LS5˪ˬƻǄƾT¹˩CAP5˪ˬSonazoidȝÁȊɌĹ˩CEUS˪ʎɴɺʠKupfferƝǁȅɘǃˬ
MRSʎʝʠƻǄƾǚƅ˩IHL˪ˬɝěƎƝǁ@Ǆƾ˩IMCL˪ˬɝěƎƝǁǄƾ˩EMCL˪ˬŘ&ɇİʨ
ˣˏ˦ʾˣʷķʎʝʠ&ƟÙ5ˬǝľŘTĞėɎůˬǏ"«ƎMʋñMʣłɾʄˮʗʄˬɝěƎȰ
ʋ@ǐǄƾýɊƅɵʞskeletal muscle mass to visceral fat area ratio˩g/cm2˰SV-ratio˪ʣƐBɾʄˮ¤
ȃƴʣSV-ratioʝʟ4ưʎCɗɾˬquartile stratification analysisʎʝʟĞǲɾʄˮƣǱǮĔʊʐ4ưįȓ
ʐµɠʋÍEʎʝʠǦĨʣǞʇʄˮ 
ɡ SV-ratio lowestưʊʐNAFLDÎƴˬ	ɟ¹ƽńˬƗªŢˬǄȇş²ţˬɟǝʏLiɶɟŕʊɰʟˬ
ʗʄˬƩƧTȠǞţ*˩12 kPa LS5˪ʋ	ƍ¹ʏƻǄƾTţ*˩260 dB/m CAP5˪ʣŻ
ʀÎƴʏLiʛɟŕʊɰʇʄˮKupfferƝǁȅɘǃʣ_ĄʀʠKupfferűȕ¹5ʏ%ʣŻʀÎƴʏL
iʛɟŕʊɰʇʄˮŘTĞėʎʉˬlowestưʊʐƻĤǃɄ˩ASTˬALTˬγ-GT˪ˬʨˣʷ˟ˣáàÍæ
û˩HOMA-IR˪ˬʦ˃ʧ˗ʭʨˣ˩LeptinˬIL-6ˬAdiponectin˪ǟˬ˓ˌ˄ʭʨˣ˩FetuinAˬFGF21˪
ǟˬŊţ˥ȭTʷ˄ˡʷ˘˦ʭ˦˩hs-CRPˬFerritinˬTBARS˪ˬƻƩƧT˥ʦ˗˄˦ʵʷ˘˦ʭ˦˩NAFL
D fibrosis scoreˬFib-4 indexˬWFA-M2BPˬM30˪ʏÏɶǺʚʞʡʄˮÿˬɝěƎʊʐMRSʎʝʠ
ɝěƎǄƾǚƅ˩IMCL, EMCL˪ʏ5ʐɟ5ʊɰʟˬǏ"«ƎMʋñMʊʐ%ɶǬ¢ɽʡȐ&ǃM
ɶ%ɾʉɱʄˮƎƸĬʏȄʏGÆzʋɾʉʏĤǃʣãʇʉɱʠ˘ʨʬʭʨˣʏƄʊɰʠ˙ʬʷʽ


ʿˣ˩MSTN˪ʏÏɶǺʚʞʡʄˮȰǮĔʏơĕˬSV-ratioʐLS5˩ƻŹ¹˪ʋCAP5˩ƻǄƾT
¹˪ʏƴʎÁɍʀʠŔƉzʊɰʇʄˮɽʞʎˬNAFLDÎƴʏ>&ʎɴɱʉˬSV-ratio lowestưʏS
V-ratio highestưʎ¤ʀʠ	ƍ¹ʏƻǄƾTʏű¤˟ʷʱʐ1.893ʊɰʇʄˮʗʄˬƻƩƧTȠǞ
ʏű¤˟ʷʱʐ3.643ʊɰʇʄˮǬ¢ŷƆʊʐˬĵŧ=ʣɾʉɱʍɱNAFLDÎƴʏƠȣʣǬ¢ʀʠʋ
SV-ratioʏ%ʎɾʄɶʇʉˬƻŹ¹ʏÏTɶǺʚʞʡʄˮʗʄˬSV-ratioʏ%5ưʎɴɱʉˬƻŹ¹ʏ
ÏTɶɖǙʎǺʚʞʡʄˮɽʞʎˬ=ŷƆʊʐˬ3ˤĊʏȢQŧķɴʝʓɘŧķʣĀɾʄơĕˬS
V-ratioʏNʎNɳˬLS5˩ƻŹ¹˪ˬCAP5˩ƻǄƾT¹˪ˬƻĤǃɄ˩ASTˬALTˬγ-GT˪ˬʨˣʷ˟
ˣáàÍæû˩HOMA-IR˪ˬʦ˃ʧ˗ʭʨˣˬŊţ˥ȭTʷ˄ˡʷ˘˦ʭ˦˩hs-CRPˬFerritinˬTBARS˪ˬ
ƻƩƧT˥ʦ˗˄˦ʵʷ˘˦ʭ˦˩NAFLD fibrosis scoreˬWFA-M2BPˬM30˪ʏøtɶǺʚʞʡʄˮ 
ɡ ɼʡʞʏơĕʝʟˬɝěƎŁ¨ʋ@ǐǄƾNʏ&ƟÙş²ˬʀʍʢʆSV-ratioʏ%ʐˬNAFLDʏ
˟ʷʱzʊɰʠɼʋˬʗʄˬWƚÍǄƾƻɵʞNASHʔʏȠ«ʣ/ȠʀʠzʊɰʠʋƳɳʞʡʄˮNAF
LDÎƴʏā²ƑŗʊʐSV-ratioʏøtʎlɺʄĘɛƑŗʋȢQȎʐȯǩʍǿɔʊɰʠʋƳɳʞʡʄˮ 
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BMI ˱  body mass index ˰ &ěæû 
EMCL ˱  extramyocellular lipids ˰ ɝěƎƝǁǄƾ 
IMCL ˱  intramyocellular lipids ˰ ɝěƎƝǁ@Ǆƾ 
SFV ˱ somatic fat volume ˰ &ǄƾȰ 
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VFA ˱ visceral fat area ˰ @ǐǄƾýɊƅ 
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CAP ˱ controlled attenuation parameter ˰ ƻǄƾT¹ 
CEUS ˱ contrast-enhanced ultrasonography ˰ ȝÁȊɌĹ 
IHL ˱ intrahepatic lipid ˰ ƻ@Ǆƾ 
LS ˱ liver stiffness ˰ ƻŹ¹ 
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DM Ã diabetes mellitus ˰ɡƗªŢ 
IR ˱ insulin resistance ˰ ʨˣʷ˟ˣáàÍ 
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ALB ˱ɡ albumin Â ʦˠˑ˙ˣ 
ALT ˱ alanine aminotransferase ˰ ʦ˞ˇˣʦ˙ˉ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AMPK ˱ AMP-activated protein kinase ˰ AMPĻÍT˒ˢ˂ʨˣʯˆ˦ʺ 
AST ˱ aspartate transaminase ˰ ʦʷˌ˞ʰˣȭʦ˙ˉȑƂȬƜ 
FBS ˱ fasting blood sugar ˰ ƇǌąǝƗ 
FFAs ˱ free fatty acids ˰ ȡɆǄƾȭ 
FGF21 ˱ fibroblast growth factor 21 ˰ ƩƧǗƝǁĬz 21 
HA ˱ hyaluronic acid ˰ ˍʦˠˢˣȭ 
HbA1c ˱ hemoglobin a1c ˰ ˓˜ʲˢˎˣa1c 
HDL-C ˱ high-density lipoprotein-cholesterol ˰ ɟįȯ˟˗ʽˣˌʱ 
HOMA-IR ˱ homeostasis model assessment-insulin resistance : ʨˣʷ˟ˣáàÍæû 
hs-CRP ˱ high sensitive c-reactive protein ˰ ɟÓ¹C_ËÍʽˣˌʱ 
IL-6 T interleukin-6 S479456 
IRI ˱ immunoreactive insulin ˱ insulin ˰ ʨˣʷ˟ˣ 
LDL-C ˱ low-density lipoprotein-cholesterol ˰ %įȯ˟˗ʽˣˌʱ 
LPS ˱ lipopolysaccharide ˰ ǘ&@ĮƜ 
MSTN ˱ myostatin ˰ ˙ʬʷʽʿˣ 
NF-kappaB˩NF-κB˪  ˱ nuclear factor-kappa B ˰ Ě@zκB 
IKKα ˱ IκB Kinase α ˰ IκBʯˆ˦ʺ 
Sep ˱ selenoprotein-P ˰ ʹˡˉ˒ˢ˂ʨˣP 
TBARS ˱ thiobarbituric acid reactive substances ˰ ʿʬˋˠˎˁ˦ˠȭ_ËÍőȇ 
T-CHO ˱ total cholesterol ˰ ƨʳˡʷ˂ˢ˦ˠ 
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TG ˱ triglyceride ˰ 	ÍǄƾ 
TNF-α ˱ tumor necrosis factor-alpha ˰ ǉťīzʦˠːʥ 
γ-GT ˱ɡ γ-glutamyltransferaseɡ ˰ɡ ɥɢʲˠʽ˙ˣȭȑƂȬƜɡ
VLDL ˱ɡ very low-density lipoproteinɡ ˰ɡ Ȋ%įȯ˟˗ʽˣˌʱ 
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ɡ ƽńʏċŢŕʐŝŬʎNɾʉɱʠ˩1˪ˮʢɶ~ʎɴɱʉʛÌȜʍɘƲÖʏĦƕTʋā²ŘĻʎ
ɴɺʠÕÍŬʍȐ&ĻQȰʏŁ¨ʎ!ɱˬƽńcʐNʏȚʎɰʟˬȣ\30µȸʊ1.53ʋʍʇʉ
ɱʠ˩2˪ˮƽńʐŭǄƾƽńʋ@ǛǄƾƽńʎCɗɽʡʠɶˬ@ǐǄƾʏNʐ˛ʽ˖˟ˀʱţ
4ưʏŢzʋɾʉȯǩʍÂLʣŇɿʉɱʠ˩3,4˪ˮÿˬĉȗʏȸ˅ˀʱ>~ɅǱÙƪʊʐˬƽńƴʏ
Nʋ?ʎƻĤǃş²ʣċʀʠÙʏɒ¹ɶÌɾʉɱʠɼʋɶoɽʡʉɱʠ˩7˪ˮƽńʐÕÍƻš
ÎʏÏʎȹȞʀʠzʊɰʠʋǰʢʡʉɴʟ˩8˪ˬɼʏǀĆʋɾʉʐˬ@ǐǄƾƽńʣŮʎˬʨˣ
ʷ˟ˣáàÍ˩insulin resistance˰IR˪ʣɷʄɾʉũţʀʠɉʦˠʳ˦ˠÍǄƾÍƻšÎ˩non-alcoholic fa
tty liver disease˰NAFLD˪ʏNɶĿɸȹȞɾʉɱʠ˩9˪ˮʢɶ~ʎɴɺʠNAFLDʏċŢŕʐˬ1994µ
ʏ12.9˧ɵʞ2000µʎʐ34.7%ʊƙ20%Nɾʉɱʠʋŵʞʡʉɱʠ˩10˪ˮ 
 
ɡ Ŗˬƽńƴʏƙ3LʐNAFLDʊɰʠʋoɽʡʉɴʟˬʃʏ	ʊʛˬɟ¹ƽńƴʊʏNAFLDʏɒ¹
ʐƙ8Lʋɟɱ˩11˪ˮNAFLDʏɸʐˬ2ƗªŢµdiabetes mellitus˰DM˪ˬǄȇş²ţˬɟǝʍʌʣ
Ůʎũţʀʠɼʋɶŵʞʡʉɴʟˬi(ɒ¹ʐhƙ7L˩12˪ˬƙ5L˩13˪ˬƙ5L˩14˪ɶNAFLDʣi
(ʀʠʋoɽʡʉɱʠˮNAFLDʎʐˬʕʋʤʌŢÔʏȠǞɾʍɱWƚÍǄƾƻʋǄƾÍˬŊţˬƻ
ƝǁɄɶŒÈʊɰʠɉʦˠʳ˦ˠÍǄƾÍƻŊ˩non-alcoholic steatohepatitis˰NASH˪ʏ2ʈʏŢÔ
ɶmʗʡʠˮǄƾƻʐŢŗŬʎʐƻƝǁʏ10˧ʎǄƾņʣǺʚʠʛʏʣǄƾƻʋƱɾʉɱʠ
˩15˪ˮǄƾƻʏÙzʐʦˠʳ˦ˠÍʋɉʦˠʳ˦ˠÍʎEɽʡʠɶˬəȫĪʐʍɱʛʏʏ˩ƚʦˠʳ
˦ˠʊśÍ30g/āˬÍ20g/āčń˪ˬʦˠʳ˦ˠÍƻɄʎɗ#ɾʄǄƾÍƻɄɶʘʞʡʠŢÔʣ
nʀʠNAFLDɶŖżʎɴɱʉÌɾʉɱʠˮʗʄˬNAFLDʏȩʐWƚÍǄƾƻɵʞNASHʎ
Ƞ«ʀʠɼʋɶŵʞʡʉɱʠˮNASHʐƻǐʎŊţʜƩƧTɶÑȉɽʡʜʀɸʍʟˬĉƞŬʎƻŹˬ


ƻũŨʎʗʊǔʠÕÍƻšÎʊɰʠˮŖˬ>cʏƙ3-5˧ɶNASHʎƯÎɾʉɱʠʋíłɽʡʉɴʟˬ
ƽńƴʐĨ²ƴʝʟʛNASHũţŕɶɟɸˬɟ¹ƽńʏNASHʐˬNASH*>&ʏƙ1/3ʣXʚʠʋɱʢ
ʡʉɱʠ˩16,17˪ˮ 
 
ɡ ƽńʎʝʟ@ǐǄƾƝǁɶƽTʀʠʋˬ@ǐǄƾƟƷɵʞʏȡɆǄƾȭ˩free fatty acids˰FFAs˪C
ĶȠʜʦ˃ʧ˗ʴʨ˄ʭʨˣʏCĶş²ɶȉɼʟˬƻǐʏƗŘÙʜƎƸʊʏƗʏFřɶȻɽʡʠ˩1
8˪ˮʃʏơĕˬƗþŘʏȠʎʝʟǝƗɶĂɾˬĎĝƟƬʎɴɺʠIRɶɴɼʠˮɼʏɼʋɵʞˬƽńʋIR
ʋNAFLDʋʏȸʎ¡ëʍȹȞÍɶɰʠʋƳɳʞʡʉɱʠ˩19˪ˮWƚÍǄƾƻɵʞNASHʗʊȠǞʀʠ˛
ʭˇʸ˚ʐˬŖˬɮtwo-hit theoryɯɶïĜɽʡʉɱʠ˩20˪ˮȰʏFFAsʎʝʟˬƻƝǁʎ	ÍǄƾ˩ trig
lyceride˰TG˪ɶǚƅɽʡʠWƚʍƻǐǄƾţʊɰʠɮfirst-hitɯˬʃɾʉǄȇȣȭTˬŊţÍʴʨ˄ʭʨˣˬ
ȲʍʌʏȭTʷ˄ˡʷʏÁɍʣaɺˬŊţŢÔʋƩƧTɶǻũɽʡʠNASH^ʓƻŹţ˩hepatocirrho
sis˪ʎȠǞɽʡʠɮsecond-hitɯɶɰʠˮƻƝǁ@ʏǄƾȭʏNʐȭTʷ˄ˡʷʣũŘɽʂˬɼʏʝɲʍ
ȞʏȣƃʏȠǞʣ/Ƞʀʠ˩21,22˪ˮʗʄˬƻǐɵʞǬ¢ɽʡʠŊţœÔʐǄƾƟƬɵʞCĶɽʡʠ
ġɭʍŊţÍʴʨ˄ʭʨˣɶƻǐʏŊţʜˬʨˣʷ˟ˣʵʲˆˠʎÁɍʣɳʠˮ<ǞŷƆʎʝʠʋˬǄ
ƾƻÎƴʎàŊţÍʴʨ˄ʭʨˣʋɾʉŵʞʡʉɱʠAdiponectin˩ʦ˃ʧ˗ˈʱʿˣ˪ʣßʀʠiˬT
NF-αʏŉ¹ɶŁ¨ɾˬƻǐʏǄƾǚƅʜŊţœÔɶøtɽʡʠʋoɽʡʉɱʠˮɼʡʎįȓɾˬŊţ
Íʴʨ˄ʭʨˣʊɰʠTNF-αʐĚ@zκB˩nuclear factor-kappa B˰NF-kappaB˩NF-κB˪˪ʣĻÍTɽʂ
ʠˮIκBʯˆ˦ʺ˩IκB Kinase α˰IKKα˪ʣțɿʉˬƻƝǁʎɴɱʉIRʜǄƾƻʣȠǞɽʂʠ˩23˪ˮƻǐ
ʏȬƜʊɰʠγ-GTʋALTʐƻĤǃɄʣ%ȆřʊǷ+ʊɷʠ˘˦ʭ˦ʋɾʉƖ¡¹ʜĨź¹ɶɟɱʋ
oɽʡʉɱʠ˩24,25˪ˮǝ	ʊNɾʄγ-ʲˠʽ˙ˣȭȑƂȬƜ˩γ-glutamyltransferase˰γ-GT˪ʋʦ˞ˇ
ˣʦ˙ˉȑƂȬƜ˩alanine aminotransferase˰ALT˪ʏŉ¹ʐˬ2DMˬǄȇ˒ˢːʧ˦ˠˬɴʝʓÉǝ
ƑšÎ˩Cardiovascular disease˪ɵʞʏīŕʋċÒʍűȹɶɰʠ˩24,26˪ˮɟǝʋuŎʎƦɷˬγ-GT
ʐÉǝƑšÎʏċÒʍYɀzʋɾʉ˞ˣʱɽʡʉɱʠ˩26˪ˮȗµˬġɭʍŷƆʎɴɱʉˬ2DMʜÉ
ǝƑšÎʋƻȬƜŉ¹ˬŊţÍ˘˦ʭ˦ʃɾʉȂŬYɀzʋʏȹȞʣȀėɾʉɱʠɶˬŖˬʃʏ
ȸʏȹȞÍʎȹɾʉʐăʊɰʠ˩27˪ˮ 


ɡ ŖˬNAFLDɴʝʓNASHʏÙzʎʐˬÄđɵʞʏɮtwo-hit theoryɯ˩20˪ʎʢʟɮmultiple parallel 
hit theory˩ȯ´Ǟˍˀ˄Ǿ˪ɯ˩28˪ɶļʋʍʇʉɱʠˮʀʍʢʆˬǋƑɰʠɱʐǄƾƟƬʎŚđʀ
ʠʴʨ˄ʭʨˣʜʦ˃ʧ˗ʭʨˣˬƝǘȹȞCʍʌʏŊţHňőȇʣʄʠǩzʋɾʉIRɶũŘɾˬɽʞ
ʎˬȭTʷ˄ˡʷˬɘzʜȧ ŬƜzʛmʚʄƄɭʏzɶ´Ǟɾʉƻǐʎ'řɾˬNAFLDɴʝ
ʓNASHʏŢÔÀÙʎȹʀʠ@ʊɰʠˮɼʏʝɲʎˬIRʐˬƻǐʎNɳʉˬ@ǐǄƾˬɝěƎˬǋ@
ƝǘbˬɝɞƘƝǁʏǐvȞȹʣɾʄş²ʎʝʟ¼ɷȉɼɽʡʠʋíłɽʡʉɱʠɶˬ	ʊʛƗ˥Ǆȇ
ȂʏǩǐvʊɰʠˬɝěƎˬ@ǐǄƾʐˬIRʋʏȹʢʟɶ½ɸˬNAFLDŢÔʋʏȹɶŻsɽʡʉ
ɱʠˮɃˬ@ǐǄƾƽńˬɝěƎŁ¨ʐűʎȹȞɾˬ˛ʽ˖˟ˀʱʵˣ˅ˢ˦˚ʏȯţʋɾʉŵʞ
ʡʉɱʠˮ 
 
ɡ ĉȗʏŷƆʎʝʠʋˬɝěƎŁ¨ʋˬʃʡʎ!ɲƎĤǃʏ%˩ʴˠʳ˕ˇʦ˪ʐÕÍƻšÎʏũŘʋ
ĿɸȹȞɾʉɱʠʋoɽʡʉɱʠ˩29˪ˮɝěƎʐȢQʎɴɺʠMũòʎĥɵʂʍɱȐ&ƟƬʊɰʟˬ
ɝěƎŁ¨ʐā²ŘĻQ'ʜŘĻʏȇʣ%ɽʂʠʏʘʍʞʁˬƎȰʏŁ¨ʎʝʠƗ˥ǄȇȂǃʏ
%ʎ!ɱˬIRʎʝʠƽńʜƗªŢʍʌʏŘĻƲÖŢʏƯÎŕʣɟʚʠʋƳɳʞʡʠ˩30˪ˮ 
 
ɡ ɝěƎȰ˩skeletal muscle mass˰SMM˪ʐˬ&ȯʏƙ4˲5LʣXʚʉɴʟˬʫˈˠʰ˦ĽȆȰʏƙ7L
ʣ)řʀʠȯǩʍƟƬʊɰʠ˩31˪ˮɼʏɼʋɵʞˬƎƸȰʏŁ¨ʐIRʜ2DMʍʌʏȂɄʏ˟ʷʱ
ʣNɽʂʠ˩32˪ˮʗʄˬƎƸȰʏŁ¨ʐŊţŢÔʣÏɽʂʠʋoɽʡʉɴʟˬɃˬŊţÍ˘˦ʭ
˦˩CRPʋIL-6˪ʐˬƎƸȰʋʐȄʏűȹȹ.ʣŻʀɼʋɶŵʞʡʉɱʠ˩33˪ˮƎƸȰʏŁ¨ʜʃʡʎ!
ɲƎMʏ%ʐˬȐ&ĻQʏ%ʎŰëÁɍʣ^ʖʀʋƳɳʞʡʠ˩34˪ˮɼʡʐˬƨʫˈˠʰ˦ĽȆʣ
Ł¨ɽʂˬ@ǐǄƾʏǚƅȣʎƫɶʠdǃÍɶɟɱˮʝʇʉˬƎƸȰʏŁ¨ʐˬNAFLDʎɴɱʉɉ
²ʎȯǩʊɰʠʋŻsɽʡʠˮ 
 
ɡ ʴˠʳ˕ˇʦʏ˛ʭˇʸ˚ʐčʅăʊˬăźʎʈʏǩzɶÁɍɾʉɱʠʢɺʊʐʍɸˬ@CĶƘ
ʏĤǃTˬɝěƎʏǆŽƠ÷ȪˬĘɛɄˬȭTʷ˄ˡʷʍʌɶǧiŬʎ'řɾiɱˬʽˣˌʱȇ


ȂʎÁɍɾʉɱʠʋƳɳʞʡʉɱʠ˩35˪ˮNAFLDʏɐʎɴɱʉʛˬʴˠʳ˕ˇʦʐNAFLDʏƻŢÔ
ʋ¡ëʎȹȞɾʉɱʠdǃÍɶŵʞʡʚʄˮAlameriʞ˩36˪ʐˬɝěƎŁ¨ʎʝʠȢQƵǩǃMʏ%
ʐÕÍƻšÎ˩ƻŹ˪ʏÃʎÁɍʀʠɼʋˬɝěƎŁ¨ʐƻŨʏŔƉɾʄÃzʊɰʠɼʋ˩37,
38˪ˬɝěƎŁ¨ʐNAFLDũţʏ˟ʷʱʣNɽʂʠɼʋ˩29,39˪ɶǰʢʡʉɱʠˮɼʡʞʏɼʋʝʟˬɝě
ƎʏŁ¨ʋƽńʎʝʠ&ǄƾȰʏNʎʝʠ&ƟÙTʐˬNAFLDʣmʙÕÍƻšÎʏũţˬȠ«
ʜŘqÃʎȹȞʀʠzʊɰʠʋíłɽʡʉɱʠˮ 

ɡ ďŷƆʊʐˬ&ƟÙş²˩ɝěƎʏŁ¨ʋ@ǐǄƾʏN˪ʏæĢʊɰʠskeletal muscle mass to vi
sceral fat area ratio˩SV-ratio˪ɶˬƻˬȂˬŊţ˥ȭTʷ˄ˡʷˬȐ&ǃMˬhƄNAFLDʏƻŢÔʎ
ɳʠÁɍʎʈɱʉĞǲɾʄˮʗʄˬNAFLDʎɴɺʠƻŢʊɰʠƻǄƾTʋʃʏȠǞˬʀʍʢʆˬƻƩ
ƧTʎɱʄʠŢÔz˩ʦ˃ʧ˗ʭʨˣˬ˓ˌ˄ʭʨˣˬ˘ʨʬʭʨˣˬŊţ˥ȭTʷ˄ˡʷˬƻĤǃˬIRˬȐ
&Ĥǃ˪ʎʈɱʉǹƝʎǮĔʣǞʇʄˮ 
 
 


M º L
, :
M  P r\
ɡ ďŷƆʐˬ2011µɵʞ2016µʗʊʏƏĹȼ¬ŢȾƻǐŘĻƲÖŢđÎƴ366k˩śÍ˰207kˬ
Í˰159k˪ʣ¤ȃʋɾʄˮʗʄˬįȓ¤ŏƴʋɾʉˬƽńʏʍɱđÎƴˬʗʄˬRɅʎʝʇʉÅʞʡʄ
8²ƴ˖˞ˣ˂ʧʦʊɰʠƏĹȼ¬ŢȾʏƷr˥ʷʽˀːɴʝʓƏĹÜ¬ʏȾŘ˥ȩŘ
ʏ106k˩śÍ˰48kˬÍ˰58k˪ʋɾʄˮ 
 
ɡ ¤ȃƴʏƱʎȹɾʉʐˬƏĹȼ¬ŢȾĽTv@ƀƻǐŘĻƲÖŢđʣaǶɾˬǶŧʮʨ˅
˞ʨˣ˩40˪ʎʉˬNAFLDǶýŅʝʟˬȊɌĹĞėʎʉɮƻǇʳˣ˄˞ʷ˄ɯˬɮǅƑăŴTɯˬɮĿȩʫ
ʳ˦ŁǢɯʏɲʆˬɱʁʡɵ2ʈʏÜǪɶǪʞʡʄʛʏʣNAFLDÎƴʋƱɾʄˮʗʄˬjđaǶ
ƴʏɲʆˬÕÍƻšÎʣċɽʁˬǴǶýŅʎǸ¿ɾʍɱĽTvšÎÎƴ˩ʎƿŶʜƿw˗˟˦˒
ƍˬǖÍƿȤƘšÎÎƴ˪ʣɉNAFLDÎƴʋƱɾʄˮɽʞʎˬ8²ƴ˖˞ˣ˂ʧʦʋɾʉRɅɾłʣ
ǞʇʄˬƏĹȼ¬ŢȾʏƷr˥ʷʽˀːɴʝʓˬƏĹÜ¬ʏȾŘ˥ȩŘʣ8²ƴʋƱ
ɾʄˮ 
 
ɡ NAFLDʎNɳˬāďɟǝʏɮɟǝĵŧʮʨ˅˞ʨˣɯʏǶýŅʝʟˬ140˲159 mmHg
ɡ ɵʈ/ʗʄʐ90˲99 mmHgʏÜǪɶǪʞʡʄʛʏʣɟǝʋƱɾʄˮʗʄˬāďQǅŹT
ʏɮQǅŹTÍšÎȺʮʨ˅˞ʨˣɯʏǶýŅʝʟˬɟLDLʳˡʷ˂ˢ˦ˠǝţ˩140 mg/dL˪ˬ
ʗʄʐˬɟ˄˟ʲ˟ʹ˞ʨ˅ǝţ˩150 mg/dL˪ʣńʄʀƴʣǄȇş²ţʋƱɾʄˮ 
 
¤ȃƴʐˬNAFLDÎƴ 366k˩śÍ˰207kˬÍ˰159k˪ˬɉNAFLDÎƴ^ʓ8²ƴ 106k˩ś
Í˰48kˬÍ˰58k˪ʏƨû472k˩µɠ 1982ĩ˪ʊɰʠˮ 
 


ɡ NAFLDʎɴɺʠŢÔŘŗŬǩzʎȹʀʠ&ƟÙʏÁɍʣǷ+ʀʠʄʚˬskeletal muscle mass to
 visceral fat area ratio˩SV-ratio˪ʣřɱʄˮ<ǞŷƆʣʐɿʚˬʴˠʳ˕ˇʦƽńʏæĢʋɾʉʛř
ɽʡʉɱʠɼʋʝʟ˩7˪ˬSV-ratioʣ&ƟÙş²ʏæĢʋɾʉřɱˬSV-ratioʝʟˬ>¤ȃƴʣƌ1xC$
˩ˬ1st Quartile˰Q1˪ 118k˩µɠ˰59ĩ˪ˬƌ2xC$˩ˬ2nd Quartile˰Q2˪ 118k˩µɠ˰53
ĩ˪ˬƌ3xC$˩ˬ3rd Quartile˰Q3˪ 118k˩µɠ˰49ĩ˪ˬƌ4xC$˩ˬ4th Quartile˰Q4˪ 11
8k˩µɠ˰32ĩ˪ʏ4ưʎCɗɾʄˮ 
ʍɴˬďŷƆʐˬ1975µʏ˓ˠʵˣʯǰʏ6ŗʮʨ˅˞ʨˣʎŅäɾʉɱʠˮʗʄˬƏĹȼ¬Ţ
Ⱦ6ŗ£ė˩H22-531ˬH25-154ˬH26-181˪ʏÞǺʣÅʉǞʇʄˮ 
ÚɭʐˬďŷƆʏůŬʋÒƱʎʈɱʉVCʎǾăɾˬǣɜƴʏjÒʣÅʄˮ 
 
M  P <G<,:
¶ u	n<
 u~
ɡ ¤ȃƴʎʐȒǤʎʍʟˬɋʜʷ˄ˀʯˣʲʣǆǠÃˬƏĹȼ¬ŢȾƻǐŘĻƲÖŢđʎǵ
Ʈɽʡʉɱʠɮ˃ʶʽˠȐȶǱ˩KDS˪˱˩|1˪ɯ˩Muratec-KDSżJapan˪ʣFřɾˬłʣǞʇʄˮǓōʍ
ŰƉSʣʋʞʂʄÃˬɑʣƶŲıŅ´$ʋɾˬȏʐîɳʉǀÃʏȐȶǱʎʈɺʠʝɲʎæŻɾʄˮǏʣ
"ʑɾȏɵʞĭȩˬǀȩʋȒɸȐȶǱʎëǯɾʄ$ƮʊȒɸɕʣ¼ɵʂˬǀƎʣ"ʑɾʄœÔʊ¸Ɋɵ
ʞɑɎȸʊʏŰĉȌɆʣǱłɾʄˮłW$Ņʐ0.1 cmʋɾʉǴȳɾʄˮ 
	

 
|1ˮɡ ˃ʶʽˠȐȶǱ˩KDS˪  
 
 	|·	4')µbody mass index: BMI¶·u	S%µ4O}·eb^+JN¶  
ɡ łĤvʐˬƏĹȼ¬ŢȾƻǐŘĻƲÖŢđʎǵƮɽʡʉɱʠɮ&ƟÙǱ˩InBody720˪˱˩|
2˪ɯ˩InBody JapanżJapan˪ʣ)řɾˬǱłʣǞʇʄˮȐȶǱłʋjġˬȒǤʊɋʜʷ˄ˀʯˣʲʣǆ
ǠÃˬłĤvʏ
ɱȋǥɇğʎiʢʂʉƉ$ʏSʣʋʟˬ&ƟÙǱłʣǞʇʄˮłʏɃʐˬų
ǠCʏȯȰ˩˯.0 kg˪ʣ¯ɾ¼ɱʉł5ʋɾW$Ņʐ0.1 kgʋɾʉǴȳɾʄˮʗʄˬÝȋʏŐʎʝʟˬ
łdʏ¤ȃƴʎȹɾʉʐˬɇğ˂ʧˀʵ˝ʣ)řɾˬÝèʋȋʏǥʣŃʞʂˬɇğɶțʠʝɲȪ×ɾ
ʄˮ&ȯǱłʏɃʏSʣ0ʇʄœÔʊˬǈʋ&ˬ®fʏǍȩɶëɾʍɱʝɲʎɾˬǈʣʗʇʀɹʎ"
ʑɾʄœÔʊˬ4ďʏæɶ>ʉÝɇğʏǡɊʎǯʡʠʝɲʎñʞʂˬǫæʐ
ɱɇğʎëǯɽʂˬł
ʣǞʇʄˮłąȸʐƙ30~40Ɓƃ¹ʊɰʟˬł	ʏſǼʐžħɾˬQœÔʣ0ʇʄˮłʣ
źǺÃˬÝřʏɇğʣÛɽʂˬȜʜɵʎłeɵʞƂQɽʂʄˮȐ&ƟÙ˩ɝěƎȰ˩skeletal muscle 
mass˰SMM˪ˬ@ǐǄƾýɊƅ˩visceral fat area˰VFA˪ʐˬŘ&ɇİʨˣˏ˦ʾˣʷķ˩bio-electrical i
mpedance analysis˰BIA˪ʎʝʟ¦ɷBɾʄˮBMI kg/m2ʐˬ&ȯ˩kg˪ʣȐȶ˩m˪ʏʊȿʀʠɼʋʎʝ
ʟƐBɽʡʄ˩&ȯ˩kg˪ ÷ Ȑȶ˩m˪2˪ˮďŷƆʎɴɱʉʐˬāďʏŅʊɰʠBMI 25 kg/m2ʣƽ



ńƴʋɾʉǵɾˬNAFLDʋʏȹȞÍʎʈɱʉǮĔʣǞʇʄˮ 
 
 
|2ˮɡ &ƟÙǱ  InBody 720 
 
 	S%B'6
ɡ &ƟÙş²ʏłʋɾʉˬ¤ȃƴʎđÎƴ˩ɟ¹ƽńƴʜɟɠƴ˪ʣmʘˬłdǃąȸʎȽʟɶ
ɰʠŋʣƳ×ɾˬɉ,ǨŬˬɵʈȖȜʎłʊɷˬ¤ȃƴʏȄãʣȒŁʀʠʄʚˬ<ǞŷƆʋjġˬ
InBody720˩InBody JapanżJapan˪ʣ)řɾʄ˩8˪ˮBIAķʝʟƐBɽʡʄSMM˩kg˪ʋVFA˩cm2˪ʏł
5ʣřɱˬskeletal muscle mass to visceral fat area ratio = SV-ratioʣƐBɾˬ&ƟÙş²ʏæĢʋɾʄ
˩7˪ˮƐBķʎȹɾʉʐˬSV-ratio = SMM˩g˪ ÷ VFA˩cm2˪ ʊɰʠˮ 
 
ƐBɽʡʄSV-ratio5ʎʝʟ¤ȃƴ472kʣ1st Quartile˰Q1 118k˩µɠ˰59ĩ˪ˬ2nd Quartile˰Q2 118
k˩µɠ˰53ĩ˪ˬ3rd Quartile˰Q3 118k˩µɠ˰49ĩ˪ˬ4th Quartile˰Q4 118k˩µɠ˰32ĩ˪ʏ4ưʎC
ɗɾʄˮ 
hưʏSV-ratioʏ´5ʐǴʏțʟʊɰʠˮ 
1st Quartile ˰ ´ɡ 156.4 g/cm2ˬ2nd Quartile ˰ ´ɡ 217.4 g/cm2ˬ3rd Quartile ˰ ´ɡ 289.3 g/


cm2ˬ4th Quartile ˰ ´ɡ 669.6 g/cm2ʊɰʠˮ 

¶ u	aB&!b^gJ<
 (˩grip strength˰GS¶<  
ɡ łĤvʐˬɮ˃ʶʽˠñMǱ˩TKK5401˪˱˩|3˪ɯ˩TakeiżJapan˪ʣ)řɾʄˮłÿķʐˬþ&M
˂ʷ˄ĀǩɎʎÄɱˬñMǱʏæȱɶ9ʎʍʠʝɲʎåʄʂˬ¯ɾæʏƌ2ȹƒɶˬʕʖŰǭʎʍ
ʠʝɲʎñʟʏ³ʣȀƒɾʄˮŰƉʏSʊȋʣ®fʎǓōʎ·ɻʄœÔʣ`ʟˬǈʣǓōʍœÔʊ
ɻˬǱłvɶȐ&^ʓǠČʎǯʡʍɱʝɲˬ&9˩Ǌʏģ˪9ʎɸʠʝɲʎʹˀ˄ɾʄˮŅ:ɶüʇʄɼʋ
ʣźǺɾʄÃˬǱłvʏʲ˟ˀ˒ʣMɱʇʒɱñʟɾʚʉʛʞɱˬłʣǞʇʄˮłʏɏŞʐˬfÝ→
®Ýʏɏʊh1yʁʈǱłɾʄˮł	ˬǱłvʣçʟɻʄʟˬçʟyɾʄʟɾʍɱʝɲĺÒɾʄˮʗʄˬ
ğ¹ʎǏʜƺȹƒʣ½ɸćɻʠʍʌʂʁˬŰƉʏSʣ0ʇʄʗʗłʀʠʝɲȪ×ɾʄˮłW$
Ņʐ0.1 kgʋɾʉǴȳɾˬł5ʐ®fʏñMʏ´5ʣřɱʄˮ 
 
 
|3ˮɡ ˃ʶʽˠñMǱ˩TKK5401˪  
 
	

 dO˩knee extension strength˰KES¶µ	|9O¶<
łĤvʐˬˊˣ˅˓ˠ˅ʾʨˆ˜˛˦ʽ˦˩HHD˪ɮǏ"«ƎMłǤƮ˩˙˝˦ʽʷF-1˪˱˩|4˪ɯ˩An
imażJapan˪ʣ)řɾˬƍ©ÍǏ"«ƎMłʣǞʇʄˮłÿķʐˬǶ¢eʊˬɾʄȋ<ɶ¸ʎ
ʈɵʍɱʝɲǶ¢eʏȀƒʣǞɱˬ¤ȃƴʎǍʋǍɶŰǭ˩90°˪ʎʍʠʝɲĿʚʎƊº$ɽʂˬǶ
¢eʏ÷Ėʎ}˔ˠ˄ʣȞơɽʂˬǍ$ʎɴɺʠƍ©ÍǏ"«ƎMʣ˔ˠ˄)řʊłɾ
ʄˮʗʄˬʹˣʴ˦ˌˀ˅ʣ˔ˠ˄ʊǍȥ$ȩʎ}ɾˬhȞơȩʋǍȥ$ȩʣ˔ˠ˄ʊ}ɾʄˮ
ɽʞʎˬł	ʏǏƈȩʏŠŤyȨʏʄʚˬjȩ$ʎZʚʏʷ˗ˣʶʣ)řɾʄˮł	ʐʹˣʴ˦ȩ
CʏʁʡʣȺħʀʠʄʚˬłƴɶJÿʊʹˣʴ˦ˌˀ˅ʣ}ʀʠʝɲȪ×ɾʄˮƼʣǂʏJʊ
Ȓɸʱˢʷɽʂˬ&¶ʐŰ$ʣ0ʇʄœÔʊǞʇʄˮłƼʣFɷȋʋɾˬłyûʐ2yʋɾʄˮƙ5
ƁȸĉOMʊʏƍ©ÍǏ"«ƎM˩kg˪ʣłɾˬĉ5˩ǖɱł5ʏʕɲ˪ʣéřɾˬ&ȯįū
Cŕ˩%˪ʎðƐɾʄˮ 
 
 
|4ˮɡ Ǐ"«ƎMłǤƮ˩˙˝˦ʽʷF-1˪  
 
 MR¥¬£¨±¥¤ª´µ1H-magnetic resonance spectroscopy : MRS¶
ɡ MRSʏłʎɴɱʉˬłĤvʐˬƏĹȼ¬ŢȾù¥ƩȩʎǵƮɽʡʉɱʠ3-Tesla MRǤƮ˱
˩|5˪˩Achieva; Philips Medical Systems, Best, the Netherlands˪ʣ)řɾʄˮRFʳʨˠʎʐˬTorsoʳʨˠ
		

ʣřɱʄˮȹÉɐ˩volume of interest: VOI˪ʐsingle voxelʋɾˬ˃˦ʽʐpoint-resolved spectroscopy
˩PRESS˪ķʎʉ`ÅɾʄˮMRSʏ˃˦ʽłĐʣǡ1ʎŻʀˮ˃˦ʽʏǮĔʎʐˬLC model 
˩http://s-provencher.com/pages/lcmodel.shtml˪˩LCMODEL Inc., Oakville, ON, Canada˪ʣ)řɾˬɝě
ƎƝǁ@Ǆƾ˩intramyocellular lipids˰IMCL˪ˬɝěƎƝǁǄƾ˩extramyocellular lipids˰EMCL˪ˬƻ
@Ǆƾ˩intrahepatic lipid˰IHL˪ʣĲʚʄˮ 
 
 
|5ˮɡ 3-Tesla MRǤƮ  
ɝěƎƝǁ@Ǆƾ˩ intramyocellular lipids˰ IMCL˪ˬɝěƎƝǁǄƾ˩extramyocellular lipids˰
EMCL˪ˬƻ@Ǆƾ˩intrahepatic lipid˰IHL˪ 
 
i1 MRS§´¦<0

  MRSµ]e¶  MRSµc¶  
Repetition timeµms¶  5000 3000 
Echo timeµms¶  35 40 
Band widthµHz¶ 2000 2000 
Sampling 1024 1024 
Volume of interestµVOI¶sizeµmm¶  20ɣ20ɣ20 15ɣ15ɣ35 
Scan time 10 sec˩Breath hold˪  5 min 45sec 
Shimming Auto Auto 
 
EMCL
IMCL
	

¶ ]Iµ liver stiffnessÂLS¶]b^µcontrolled attenuation paramete
rÂCAP˪<  
ɡ łĤvʐˬɮƻʫ˞ʷ˄ʲ˞ːʧ˦˩FibroScan®502˪˱˩|6˪ɯ˩EchosensżFrance˪ʣ)řɾʄˮɮƻʫ˞
ʷ˄ʲ˞ːʧ˦˩FibroScan®502˪ɯʐˬŝ	ʊřɽʡʉɴʟˬÚɶ~ʊʐƻŹ¹˩liver stiffness˰LS˪ʏ
łʎɴɱʉ0ɀÞǺɽʡʉɱʠˮLSʐˬʂʤý¾ÍĹʏ öʎʝʠƻǐʏ$ʣˬąȸʋĿɽʎʝʠ
ʫ˞ʷ˄ʲ˞˚ʎʝʟƐBʀʠɼʋɶdǃʊɰʠ˩41˪ˮȊɌĹĞėʐˬCTʜMRIʍʌʋʛɟɱűȹɶɰʟˬ
1ØÍʋ¿ÍɶɰʠˮʗʄˬįȓŬ+ʊdóÍɶɰʟˬłɶƔ-˥ɉ,ǨŬʊɰʟˬŤʘʣ!ʢʍ
ɱŋʊ¤ȃƴʎ¤ɾǖÉŬʊɰʠʋǰɳʠˮNɳʉˬ˟ʦˠʽʨ˚ʊǬ¢˥Ƿ+ʊɷˬƭʟȘɾĞėʊɷʠ
ɼʋʎFŋɶɰʠˮʝʇʉˬƥąŬʍǷ+ɶdǃʊɰʠ˩42,43˪ˮłʏɃˬ¤ȃƴʐĞėeʎǑ$ʋ
ʍʟˬłȩ$ʏųʣǆǠɾʄˮɮƻʫ˞ʷ˄ʲ˞ːʧ˦ɯʏłʊʐˬț²M˒ˢ˦ˑʣ)řʀʠɼʋɶ
ǕŬʊɰʠʄʚˬďŷƆʎɴɱʉʛˬ¤ȃƴʏɸʐM˒ˢ˦ˑʊłʣǞʇʄˮɾɵɾˬM˒ˢ˦ˑ
ʏłʐŭǎɵʞ25-65 mmʗʊʏƓ{ʋɽʡʉɴʟˬŭǄƾɶZɱţ*ʊʐł5ʎ1ɓÍɶĥ
ɺʠdǃÍɶYÐɽʡʠˮʗʄˬďŷƆʊʐƽńƴʣmʙɼʋʛȵʘˬM˒ˢ˦ˑʊłdʊɰʇʄ
¤ȃƴɴʝʓBMI 30ʏ¤ȃƴʎȹɾʉʐˬŭǎʝʟ35-75 mmʏƓ{ʣłʀʠXL˒ˢ˦ˑʎ
ĈɾʉłʣǞʇʄˮɮƻʫ˞ʷ˄ʲ˞ːʧ˦ɯʊłʣǞɲɃˬł$ƮʣĴʀʠÊǩɶɰʠɶˬɮƻʫ
˞ʷ˄ʲ˞ːʧ˦ɯʎʐˬł$ƮʣǱłʀʠʄʚʏB˜˦˅Ĥǃɶʍɱʄʚˬɮƻʫ˞ʷ˄ʲ˞ːʧ˦ɯł
JʎˬB˜˦˅ĤǃʣôȔɾʄȊɌĹǤƮʣ)řɾˬƻǐʏ$ƮɴʝʓŭZɶ25 mmɵʈˬƻ
ǐʏZɽɶ7 cmʊɰʠɼʋˬłȩ$ʎǌıʜwǁˬǉťˬʗʄʐɷʍǅƑʍʌɶʍɱɼʋʣź
ǺɾʄˮłÿķʐˬM˒ˢ˦ˑʗʄʐXL˒ˢ˦ˑʣ)řɾˬfƹȸȈėʊǞɱˬ10yłɾʄ5ʏ	
5ʣéřɾʄˮʗʄˬł	ʐˬA˜˦˅ɴʝʓTM˜˦˅ʊǱłȩ$ʎʏĠȝőƍɶʍɱɵɂą
źǺʣǞʇʄˮ 
 
ɡ LSɴʝʓƻǄƾT¹˩controlled attenuation parameter˰CAP˪ʏʷʳʦ˟ˣʲʎȹɾʉʐˬ<ǞŷƆʣ
]ƳʎˬF0˩4 kPa˪˱Ĩ²ƻˬF1˩7 kPa˪˱Ȓ¹ƩƧTˬF2˩12 kPa˪˱	ƍ¹ƩƧTˬF3˩21 kPa˪˱ɟ¹
ƩƧTʋǵɾʄ˩44˪ˮʗʄˬS0˩ ɪ 205 dB/m˪˱Ĩ²ƻˬS1˩ ɪ 237.5 dB/m˪˱Ȓ¹ƻǄƾTˬS2
	

˩ ɪ 260.0 dB/m˪˱	ƍ¹ƻǄƾTˬS3˩ ɪ 292.3 dB/m˪˱ɟ¹ƻǄƾTʋɾʄ˩45˪ˮʗʄˬț²ˬC
APʐˬƻƝǁʎXʚʠǄƾʏLiʎʝʟCɗɽʡʠʄʚˬCAP5ʋʏʷʳʦ˟ˣʲʣȦiɽʂˬƻƝǁʎ
XʚʠǄƾʏLiɶ0-10˧ʏʛʏʣS0ˬ11-33˧ʏʛʏʣS˯ˬ34-66˧ʏʛʏʣS2ˬ67˧ʏʛʏʣS3
ʋǵɾʄˮ 
 
 
|6ˮɡ ƻʫ˞ʷ˄ʲ˞ːʧ˦˩FibroScan®502˪  
 
¶ ]7a<  
 ]7awG<
ɡ éǝʐéǝJāʏ˩13ɦ15ąȸJ˪ɵʞʏƤɘˬ2āJʝʟňɾɱȢQʐìɳʠɼʋʣ[IʋɾƺɈǅ
ʝʟǞʇʄˮǝŀCɆÃłʗʊʐ -80°ʊ0Ƒɾʄˮʦʷˌ˞ʰˣȭʦ˙ˉȑƂȬƜ˩aspartate 
aminotransferase˰AST˪ˬʦ˞ˇˣʦ˙ˉȑƂȬƜ˩alanine aminotransferase˰ALT˪ˬɥ-ʲˠʽ˙ˣȭȑ
ƂȬƜ˩ɥ-glutamyltransferase˰γ-GT˪ʐę»żLSI˛˃ʧʫˣʷʎǳɾʉłɾʄˮ 
 
 
		LS
		CAP

	

 ]YW®´¢´<
ɡ ƻƩƧT˘˦ʭ˦ʏmac2ơiǜŪƗȴ2ɚşÍ&˩wisteria floribunda agglutinin-mac-2 binding 
protein˰WFA-M2BP˪˩SysmexżJapan˪ˬʦ˗˄˦ʵʷ˘˦ʭ˦M30˩R˨DżUSA˪ʐEnzyme-Linked 
Immuno Sorbent Assay˩ELISA˪ķʊłɾʄˮType  collagenˬˍʦˠˢˣȭ˩hyaluronic acid˰HA˪ʣ
ę»żĳĒÇŷŢŗŷƆÜʎǳɾʉłɾʄˮʗʄˬƻƩƧTȠǞʣǱʠŅʋɾʉʐˬƻŘĞ
ʜǝľĞė˩ALTˬAST5ʏł˪ʎˬFib-4 index˩46˪ʜNAFLD fibrosis score˩47˪ʋɱɲǱƐ»ʣ
řɱʄƻƩƧTʏæĢɶɰʠˮFib-4 indexʏƐBķʋɾʉʐˬµɠˬAST5ˬǝ§ēûˬALT5ʣ=
ɾʄʏǱƐ»ɶřɱʞʡʠɮµɠ × AST/ǝ§ēû × ɩALTɯˮƩƧTʏłʋɾʉʐˬɫ 1.30ʊ
Ó¹74%ˬŒş¹71%ˬɫ 2.67ʊÓ¹33%ˬŒş¹98%ʊȯ¹ʏƩƧTʣłʀʠɼʋɶʊɷʠ˩21˪ˮ
NAFLD fibrosis scoreʏƐBķʋɾʉʐˬµɠˬBMIˬƵƗǃɄ or DMʏċŌˬAST5ˬALT5ˬǝ
§ēûˬALB5ʣ=ɾʄʏǱƐ»ɶřɱʞʡʠ ɮ-1.675 ˫ 0.037 × µɠ × 0.094 × BMI + 
1.13 × ƵƗǃɄ or DM *ʏċŌ + 0.99 × AST/ALT ˭ 0.013 × ǝ§ēû ˭0.66 × ALBɯ*ƵƗ
ǃɄ or DMʏċŌ :ƵƗǃɄ or DMɶɰʡʑ1ˬʍɺʡʑ0ʣ=ˮɫ -1.455ʊÓ¹77~82%ˬ
Œş¹71-77%ˬ 0.676ʊÓ¹43~51%ˬŒş¹96~98%ʊȯ¹ʏƩƧTʣłʀʠɼʋɶʊɷʠ˩48˪ˮ 

¶ Q³btq<
ɡ ƗȂȹȞɎůʎȹɾʉʐˬƇǌąǝƗ˩fasting blood sugar˰ FBS˪ˬ˓˜ʲˢˎˣA1c˩hemoglobin 
A1c˰HbA1c˪ˬʨˣʷ˟ˣ˩insulin˰IRI˪ˬɴʝʓˬʨˣʷ˟ˣáàÍæû˩homeostasis model assessment-
insulin resistance˰HOMA-IR˪ʣFBSʋIRIʎʝʟƐBɾʄˮǄȇȹȞɎůʎȹɾʉʐˬƨʳˡʷ˂ˢ˦ˠ
˩total cholesterol˰T-CHO˪ˬɟįȯ˟˗ʽˣˌʱ˩high-density lipoprotein-cholesterol˰HDL-C˪ˬ%įȯ˟
˗ʽˣˌʱ˩low-density lipoprotein-cholesterol˰LDL-C˪ˬ	ÍǄƾ˩triglyceride˰TG˪ˬȡɆǄƾȭ˩free 
fatty acids˰FFAs˪ʣłɾʄˮǴʏhɎůʐę»żLSI˛˃ʧʫˣʷɴʝʓę»żĳĒÇŘőŷ
ƆÜʎǳɾʉłɾʄˮ 
 
 
	

¶ =E³{¥¨°¥<
ɡ ʿʬˋˠˎˁ˦ˠȭ_ËÍőȇ˩thiobarbituric acid reactive substances˰TBARS˪˩CaymanżUSA˪ʐ
ELISAķʊłɾʄˮʗʄˬǋ@ƝǘCʏǘ&@ĮƜ˩ lipopolysaccharide ˰LPS ˪ ˩Limulus 
amoebocyte lysate assay kit [Associates of Cape Cod, MA]˪ʐELISAķʊłɾʄˮːʪ˟ʿˣ˩ferritin˪ˬ
ɟÓ¹C_ËÍʽˣˌʱ˩high sensitive c-reactive protein˰hs-CRP˪ʐę»żLSI˛˃ʧʫˣʷʎǳɾ
ʉłɾʄˮ 
 
¶ §­¢ ²<
ɡ ʦ˃ʧ˗ˈʱʿˣ˩Adiponectin˪˩SekisuiżJapan˪ˬˡ˒ʿˣ˩Leptin˪ˬʨˣʽ˦ˢʨʯˣ-6˩interleukin-
6˰IL-6˪ˬǉťīz-α˩tumor necrosis factor-alpha˰TNF-α˪˩R˨DżUSA˪ʐELISAķʊłɾʄˮ 
 
¶ «©¨¢ ²<
 ːʪʿ˝ʨˣA˩FetuinA˪˩BioVendor Laboratory Medicine, Modreci, Czech Republic˪ˬʹˡˉ˒ˢ˂ʨ
ˣP˩selenoprotein P˰Sep˪˩Cusabio biotech, Wuhan, China˪ˬƩƧǗƝǁĬz21˩Fibroblast growth 
factor 21˰FGF21˪˩R˨DżUSA˪ʐELISAķʊłɾʄˮ 

¶ ® ¡¢ ²<  
ɡ ˙ʬʷʽʿˣ˩myostatin˰MSTN˪˩Cusabio biotech, Wuhan, China˪ʐELISAķʊłɾʄˮ 

¶ KupfferR`sa<
ɡ KupfferƝǁȅɘǃʏłʐˬȝÁȊɌĹ˩contrast-enhanced ultrasonography˰CEUS˪ʎʝʟǞʇʄˮ
łĤvʐˬǌȩȊɌĹǤƮ˩Aplio 400˪˱˩|7-1˪ʣ)řɾʄˮȊɌĹȝÁKʎʐˬȝÁÍɶɟɸˬȶ
ąȸȝÁɶdǃʍɼʋʝʟˬʻˆʼʨ˅˩Sonazoid˪˩Daiichi-SankyożJapan˪ʣ)řɾʄˮț²ˬʻˆʼʨ˅
ʐā²ǶŧʎɴɱʉˬƻǉŦÍŢʏȇŬǶýˬǶýˬĵŧPĕʣǞɲʄʚʎ)řʀʠůŬʊ)
	

řɽʡʠˮɾɵɾˬyʐˬʻˆʼʨ˅ʐƻǐʎɴɺʠ˘ʱˢːʥ˦ʶʏKupfferƝǁʎȅɘɽʡʠɼʋʣË
řɾˬKupfferƝǁʏȅɘǃʏǷ+ʣǞʇʄˮ 
ɡ KupfferƝǁʎȅɘɽʡʄʻˆʼʨ˅ʐˬȊɌĹʏŏ¥ʎʝʟİĸɶŸɾˬȇɶȝÁɽʡʠʄʚˬʻ
ˆʼʨ˅Ɉǅĺ¥ɵʞˬ10C˲1ąȸÃʏłɶʗɾɱˮďŷƆʊʐˬʻˆʼʨ˅ʣ1/1200Ȱʎ°Ȯɾˬ
ƺɈǅɵʞĺ¥ɾˬ40CÃʏKupfferűʎˬɟɌ˅˒˞ķʊÅʞʡʄŜ;ʎȹɾʉˬPhotoshopʣřɱ
ʉȕ¹ǮĔʣǞʇʄ˩|7-2˪ˮ 
 
 
|7-1ˮɡ ǌȩȊɌĹǤƮ˩Aplio 400˪  
 
|7-2ˮɡ ȝÁȊɌĹʎɴɺʠKupfferűȕ¹5ʏŜ;  
		

¶ SV-ratiofTz 
ɡ NAFLDÎƴ 366kʏɲʆˬ2µɵʞ5µȸʏșȍȀėɶdǃʊɰʇʄ48k˩śÍ˰14kˬÍ˰34k˪ʣ
ǮĔ¤ȃʋɾʄˮDyǮĔąʏSV-ratioʏǬŋʝʟˬ1st Quartile˰Q1 20k˩śÍ˰2kˬÍ˰18k˪ˬ2nd 
Quartile˰Q2 22k˩śÍ˰8kˬÍ˰14k˪ˬ3rd Quartile˰Q3 6k˩śÍ˰4kˬÍ˰2k˪ʎCɗɾǮĔʣ
Ǟʇʄˮ 
ɡ ǮĔɎůʐˬ&ƟÙ˃˦ʽʊɰʠSV-ratioˬǝľŘT˃˦ʽʊɰʠʦˠˑ˙ˣ˩albuminÂALB˪ˬǝ§
ēˬType  collagenˬˍʦˠˢˣȭ˩hyaluronic acid˰HA˪ˬƻƩƧTæûʊɰʠNAFLD fibrosis scoreʋ
Fib-4 indexˬFibroScan®502ʎʝʠƻŹ¹˩ liver stiffness˰LS˪ʋƻǄƾT¹˩controlled attenuation 
parameter˰CAP˪ʏįȓĞǲʣǞʇʄˮ 

¶ yF:F:SV-ratioNAFLDD# 
ɡ 	µƽńśÍ 70kʣ¤ȃʋɾʄ3ˤĊʏŁȰ˒ˢʲ˞˚ʣĀɾʄˮȢQŧķʏÿķʐˬċȭƜȢQ
ʣȟ3y˩1y90C˪ˬʗʄˬɘŧķʏÿķʐˬ1āʏõ`ʭˢ˟˦ʣ1680kcal˩1ɘ560 kcal˪ʎGȽɾˬ
ȟ1yʏȁƱʋĘɛæ¦ʣǞʇʄˮ 
ɡ ǮĔɎůʐˬ&ƟÙ˃˦ʽ˩&ȯˬʩʫʷ˄p{ȶˬBMIˬ&ǄƾȰˬ@ǛǄƾýɊƅˬSV-ratio˪ˬƻ
ĤǃȹȞ˃˦ʽ˩ASTˬALTˬɥ-GTˬLS5ˬCAP5˪ˬƗǄȇȂȹȞ˃˦ʽ˩FBSˬIRIˬHOMA-IRˬ
HbA1cˬHDL-CˬLDL-CˬTGˬFFAs˪ˬƻƩƧTȹȞ˃˦ʽ˩HAˬWFA-M2BPˬNAFLD fibrosis scoreˬ
Fib-4 index˪ˬʦ˃ʧ˗ʭʨˣ˥ȭTʷ˄ˡʷ˥ʦ˗˄˦ʵʷȹȞ˃˦ʽ˩hs-CRPˬFerritinˬIL-6ˬLeptinˬ
TNF-ɤˬAdiponectinˬTBARSˬM30˪ʏįȓĞǲʣǞʇʄˮ 
 
M » P Vnl1
ɡ ƣǱAŗʎʐƣǱǮĔʻː˄ɮSPSS Statistics 23.0ɯ˩SPSSżUSA˪ʣřɱʄˮ¤ȃƴʏhł5ʐ>
ʉ´5 ± ĢŅ7¯˩mean ± SD˪ʊŻɾʄˮSV-ratioʎȹʀʠ­TâBķ˩stratification analysis˪ʏx
C$˩1st Quartileˬ2nd Quartileˬ3rd Quartileˬ4th Quartile˪ʎɴɺʠhšÎʏɒ¹ʎʈɱʉˬʭʨ
	


˩χ2˪ĞʣȦřɾʄˮNAFLDʏhŢÔzʎȹʀʠSV-ratioʏxC$˩1st Quartileˬ2nd Quartileˬ3rd 
Quartileˬ4th Quartile˪ȸʏįȓʐˬµɠˬÍEʣ?Ȱʋɾʉˬ?CúCĔ˩ưȸįȓʐBonferroni
ȯįȓĞ˪ʣřɱʉǮĔʣǞʇʄˮNAFLDÎƴʎɴɺʠLSɴʝʓCAPʋhNAFLDŢÔzʏȹȞ
ʎʈɱʉʐˬWȰɴʝʓȰy±CĔʣǞʇʄˮʗʄˬSV-ratioʎʝʠƻƩƧTȠ«˩12 kPa 
LS5˪ɴʝʓ	ƍ¹ƻǄƾT˩260 dB/m CAP5˪ʏYɀŕʏĞǲʎɴɱʉʐˬµɠˬÍEˬ
HOMA-IRʣ?Ȱʋɾʄˢʶʷ˂ʧˀʱy±CĔʎʝʟˬʬˀʸį  ˩Odds ratio˪ʋ95%1ɓUȸ
˩confidence interval˪ʣƐBɾʄˮɽʞʎˬǒ¸=˃˦ʽʎȹɾʉʐˬʩʧˠʳʱʻˣʏƋgɏ$Ğ
˩Wilcoxon signed-rank test˪ʣřɱʉĀɾʄˮʍɴˬƣǱŬċÒıŅʐ 5 %ʋɾʄˮ 
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M » L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M ¹ P¸@;Z$D/D?
ɡ SV-ratio 4ư˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠɮSV-ratioʏxC$ɁƛʎɴɺʠŘĻƲÖŢʏċŢŕɯʣ|8
ʎŻʀˮ 
ɡ NAFLDʏLiʐˬQ1ư 95.8%ˬQ2ư 91.5%ˬQ3ư 73.7%ˬQ4ư 24.6%ʊɰʟˬSV-ratio Q1ưʐˬ
Q2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟŕʊɰʇʄ˩P < 0.01˪˩|8-A˪ˮBMI 30ʏLiʐˬQ1ư 41.5%ˬ
Q2ư 26.3%ˬQ3ư 11.9%ˬQ4ư 1.7%ʊɰʟˬSV-ratio Q1ưʐˬQ2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟŕ
ʊɰʇʄ˩P < 0.01˪˩|8-B˪ˮƗªŢʏLiʐˬQ1ư 55.9%ˬQ2ư 34.2%ˬQ3ư 17.8%ˬQ4ư 6.8%
ʊɰʟˬSV-ratio Q1ưʐˬQ2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟŕʊɰʇʄ˩P < 0.01˪˩|8-C˪ˮǄȇş²ţ
ʏLiʐˬQ1ư 65.3%ˬQ2ư 66.9%ˬQ3ư 50.0%ˬQ4ư 24.6%ʊɰʟˬSV-ratio Q1ưʐˬQ3ˬQ4ư
ʋįȓɾˬċÒʎɟŕʊɰʇʄ˩P < 0.01˪˩|8-D˪ˮɟǝʏLiʐˬQ1ư 38.1%ˬQ2ư 28.0%ˬQ3
ư 25.4%ˬQ4ư 4.2%ʊɰʟˬSV-ratio Q1ưʐˬQ2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟŕʊɰʇʄ˩P < 0.01˪
˩|8-E˪ˮɽʞʎˬŘĻƲÖŢʏLiʐˬSV-ratio Q4ưSV-ratio Q1ưʎƂǞʀʠʎɾʄɶʇʉċŢŕ
ɶNɾʉɱʄˮ 
 

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|8ˮɡ  ŘĻƲÖŢʏċŢŕʏLi  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠŘĻƲÖŢʏċŢŕʏLiʏįȓ  
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ɡ >ȐʏƎMʣłʀʠæĢʋɾʉˬ<ǞŷƆʊʐˬGSɶʋɾʉřɱʞʡʉɱʠˮʃɼʊˬďŷƆʎɴ
ɱʉʛƎMʏæĢʋɾʉGSʣłɾʄˮʗʄˬƽńƴʜʴˠʳ˕ˇʦÎƴʏƂQǃMɴʝʓȐ&ʣ÷ɳ
ʠˋ˞ˣʷǃMƍˬƼ÷åÍʣ_ĄʀʠƎMæĢʋɾʉˬKESʣłɾʄˮ 
ɡ ʃʏơĕˬGSʎȹɾʉʐˬċÒ¯ʐǺʚʞʡʍɵʇʄ˩|9-A˪ˮÿˬKESʐˬSV-ratio Q1ưʐQ3ưˬ
Q4ưʋįȓɾˬċÒʎ%5ʣŻɾʄ˩P < 0.01˪˩|9-B˪ˮ 
 
 
|9ˮɡ ƎM˩ñM˥Ǐ"«ƎM˪ʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ñM˩GS˪ˬ˩B˪ Ǐ"«ƎM˩KES˪ʏįȓˬ
mean ± SD 
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b^
ɡ IMCLʎȹɾʉˬSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|10-A˪ˮʗʄˬ
EMCLʎȹɾʉˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|10-
B˪ˮjġʎˬIHLʎȹɾʉˬSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|
10-C˪ˮ 
 
 
|10ˮɡ ɝěƎǄƾǚƅ˩ɝěƎƝǁ@Ǆƾ˥ɝěƎƝǁǄƾ˪ˬƻ@Ǆƾ  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ɝěƎƝǁ@Ǆƾ˩IMCL˪ˬ˩B˪ ɝěƎƝǁ
Ǆƾ˩EMCL˪ˬ˩C˪ ƻ@Ǆƾ˩IHL˪ʏįȓˬmean ± SD 
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ɡ MRSʎʝʠƻʏǄƾTʊɰʠIHLʋɝěƎǄƾǚƅ˩IMCLˬEMCL˪ʏȹȞÍʎɴɱʉˬIMCL˩r = 
0.276ˬP < 0.001˪˩|11-A˪ˬEMCL˩r = 0.214ˬP < 0.001˪˩|11-B˪ʊɰʟˬ>ʉʎɴɱʉċÒʍĨʏű
ȹʣŻɾʄˮ 
 
 
|11.ɡ  ƻʏǄƾTʋɝěƎǄƾǚƅʏȹȞÍ  
˩A˪ ɝěƎƝǁ@Ǆƾ˩IMCL˪ʋƻ@Ǆƾ˩IHL˪ʏűȹ|ˬ˩B˪ ɝěƎƝǁǄƾ˩EMCL˪ʋƻ@
Ǆƾ˩IHL˪ʏűȹ|ˬmean ± SD 
 
M  P ]I]b^o

ɡ NAFLDʏȠ«æĢʋɾʉˬLS5ʐȯǩʍæĢʊɰʠˮʗʄˬNAFLDʏƯÎœÔʐȊɌĹĞėʎʝʠ
B˜˦˅ɴʝʓCAP5ʣłʀʠɼʋʊdǃʋʍʠˮʃɼʊˬLS5ɴʝʓCAP5ʣłɾʄơĕˬʋʛʎ
SV-ratio Q1ưʐSV-ratio Q2ˬQ3ˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|12-A˪ˮʗʄˬLS5 
12 kPaʏÎƴʏLiʐˬQ1ưʊ20.3 %ˬQ2ưʊ12.7 %ˬQ3ưʊ5.1 %ˬQ4ưʊ1.7 %ʊɰʟˬQ1ư
ʎɴɱʉċÒʎPŕʊɰʇʄ˩|12-B˪ˮCAP5 260 dB/mʏÎƴʏLiʐˬQ1ưʊ66.7 %ˬQ2ư
ʊ63.1 %ˬQ3ưʊ46.1 %ˬQ4ưʊ12.9 %˩|12-C˪ˬNɳʉˬȊɌĹĞėʎɴɺʠsteatosis grade 2˥3ʏ
ÎƴʏLiʛˬQ1ưʊ72.1 %ˬQ2ưʊ66.9 %ˬQ3ưʊ55.0 %ˬQ4ưʊ17.8 %ʊɰʟˬɱʁʡʛQ1ưʎ
ɴɱʉˬċÒʎPŕʊɰʇʄ˩P < 0.01˪˩|12-D˪ˮ 
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|12ˮɡ ƻŹ¹˩LS5˪ɴʝʓƻǄƾT¹˩CAP5˪ʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠµA¶ ƻŹ¹µLS5¶ʋƻǄƾT¹µCAP5¶ˬµB¶ ƻ
Ź¹µLS¶ 12 kPaʏÎƴʏLiˬµC¶ɡ ƻǄƾT¹µCAP¶ 260 dB/mʏÎƴʏLiˬµD¶ Ȋ
ɌĹB˜˦˅ʏsteatosis grade 2³3ʏÎƴʏLiʏįȓˬmean ± SDɡ
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ɡ ASTˬALTʎȹɾʉˬSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|13-
A,B˪ˮγ-GTʎȹɾʉʐˬSV-ratio Q1ưʐˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|13-C˪ˮ  
 
 
|13ˮɡ ƻĤǃȹȞɎů  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ʦʷˌ˞ʰˣȭʦ˙ˉȑƂȬƜ˩AST˪ˬ˩B˪ 
ʦ˞ˇˣʦ˙ˉȑƂȬƜ˩ALT˪ˬ˩C˪ γ-ʲˠʽ˙ˣȭȑƂȬƜ˩ɥ-GT˪ʏįȓˬmean ± SD 
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ɡ NAFLD fibrosis scoreʐˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪
˩|14-A˪ˮʗʄˬWFA-M2BPˬM30ʐSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 
0.01˪˩|14-C,D˪ˮFib-4 index˩|14-B˪ˬHAˬType  collagenˬǝ§ēʎʐċÒ¯ʐǺʚʞʡʍɵʇ
ʄˮ 


|14ˮɡ ƻƩƧT˘˦ʭ˦  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠµA¶ ƻƩƧTæû NAFLD fibrosis score·µB¶ ƻ
ƩƧTæûɡ Fib-4 index·µC¶ ƻƩƧT˘˦ʭ˦ WFA-M2BP·µD¶ ʦ˗˄˦ʵʷ˘˦ʭ˦ɡM30ʏį
ȓ·mean ± SD 
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¶ KupfferR`sa
ɡ KupfferƝǁȅɘǃʎȹɾʉˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎ%5ʣŻɾʄ˩P < 
0.01˪˩|15-A˪ˮʗʄˬKupfferƝǁȅɘǃʏ%ʏLiʐQ1ưʊ35.5%ˬQ2ưʊ22.7%ˬQ3ưʊ10.8%ˬ
Q4ưʊ6.5%ʋQ1ưʊċÒʎɟŕʊɰʇʄ˩P < 0.01˪˩|15-B˪ˮ


|15ˮɡ KupfferƝǁȅɘǃʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠµA¶ KupfferƝǁȅɘǃˬµB¶ KupfferƝǁȅɘǃ
%ʏLiʏįȓˬmean ± SD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ɡ FBSˬʨˣʷ˟ˣ˩IRI˪ˬHOMA-IRˬHbA1cʎȹɾʉˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċ
Òʎɟ5ʣŻɾʄ˩P < 0.05˪˩|16-A,B,C,D˪ˮ 
 
 
|16ˮɡ ƗȂȹȞɎů  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ƇǌąǝƗ˩FBS˪ˬ˩B˪ insulin˩IRI˪ˬ 
˩C˪ ʨˣʷ˟ˣáàÍæû˩HOMA-IR˪ˬ˩D˪ HbA1cʏįȓˬmean ± SD 
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ɡ HDL-CʎȹɾʉˬSV-ratio Q1ưʐQ3ưˬQ4ưʋįȓɾˬċÒʎ%5ʣŻɾʄ˩P < 0.01˪˩|17-A˪ˮʗ
ʄˬLDL-CˬFFAs TGʎȹɾʉˬSV-ratio Q1ưʐQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|17-
B,C,D˪ˮ  


|17ˮɡ ǄȇȂȹȞɎů  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠµA¶ HDLʳˡʷ˂ˢ˦ˠµHDL-C¶ˬµB¶ LDLʳˡʷ
˂ˢ˦ˠµLDL-C¶ˬµC¶ȡɆǄƾȭµFFAs¶ˬµD¶	ÍǄƾµTG¶ʏįȓˬmean ± SD 
 





**P < 0.01 
*	P < 0.05 
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M  P =E³{¥¨°¥o

ɡ hs-CRPˬTBARSˬLPSʎȹɾʉˬSV-ratio Q1ưʐQ3ɬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪
˩|18-B,C,D˪ˮFerritinʎȹɾʉʐˬċÒ¯ʐǺʚʞʡʍɵʇʄ˩|18-A˪ˮ 
 
 
|18ˮɡ Ŋţ˥ȭTʷ˄ˡʷʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ːʪ˟ʿˣ˩Ferritin˪ˬ˩B˪ ɟÓ¹C_ËÍʽˣ
ˌʱ˩hs-CRP˪ˬ˩C˪ ʿʬˋˠˎˁ˦ˠȭ_ËÍőȇ˩TBARS˪ˬǘ&@ĮƜ˩LPS˪ʏįȓˬmean ± SD 
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**P < 0.01 
*	P < 0.05 
	
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M  P §­¢ ²o

ɡ LeptinˬIL-6ʐˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.05˪˩|19-
A,B˪ˮʗʄˬAdiponectinʎȹɾʉʐˬSV-ratio Q1ưʐQ3ˬQ4ưʋįȓɾˬċÒʎ%5ʣŻɾʄ˩P < 0.01˪
˩|19-D˪ˮTNF-αʎȹɾʉʐˬċÒ¯ʐǺʚʞʡʍɵʇʄ˩|19-C˪ˮ 
 
 
|19ˮɡ ʦ˃ʧ˗ʭʨˣʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ɡ ˡ˒ʿˣ˩Leptin˪ˬ˩B˪ ʨˣʽ˦ˢʨʯˣ-6˩IL-
6˪ˬ˩C˪ ǉťīzʦˠːʥ˩TNF-α˪ˬ˩D˪ ʦ˃ʧ˗ˈʱʿˣ˩Adiponectin˪ʏįȓˬmean ± SD 
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M  P «©¨¢ ²o

ɡ FetuinAˬFGF21ʎȹɾʉʐˬSV-ratio Q1ưʐQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.05˪˩|20-
A,B˪ˮSepʎȹɾʉʐˬċÒ¯ʐǺʚʞʡʍɵʇʄ˩|20-C˪ˮ 
 
 
|20ˮɡ ˓ˌ˄ʭʨˣʏǷ+  
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˩A˪ ːʪʿ˝ʨˣA˩FetuinA˪ˬ˩B˪ ƩƧǗƝǁ
Ĭz21˩FGF21˪ˬ˩C˪ ʹˡˉ˒ˢ˂ʨˣP˩Sep˪ʏįȓˬmean ± SD 
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  P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MSTNʎȹɾʉʐˬSV-ratio Q1ưʐQ2ưˬQ3ưˬQ4ưʋįȓɾˬċÒʎɟ5ʣŻɾʄ˩P < 0.01˪˩|21˪ˮ


|21ˮɡ ˘ʨʬʭʨˣʏǷ+ 
SV-ratioʏxC$Ɂƛ˩Q1ˬQ2ˬQ3ˬQ4˪ʎɴɺʠ˙ʬʷʽʿˣ˩MSTN˪ʏįȓˬmean ± SD 
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M  P NAFLDD#ww!
ƻǄƾTɶNAFLDʏƯÎœÔʏæĢʊɰʠɼʋʝʟˬNAFLDŢÔzʏ	ɵʞƻǄƾTʎÁɍʣ
^ʖʀYɀzʣêʇʄˮʗʄˬSV-ratioʏ¯şʎʝʠƻǄƾǚƅʏ˟ʷʱįʣĲʚʄˮɽʞʎˬƻƩƧ
TȠǞɶNAFLDʏȠ«ʎ ʀʠɼʋʝʟˬjɿɸNAFLDŢÔzʏ	ɵʞƻƩƧTʎÁɍʣ^ʖʀ
YɀzʣêʇʄˮʗʄˬSV-ratioʏ¯şʎʝʠƻƩƧTȠǞʏ˟ʷʱįʎʈɱʉʛĲʚʄˮ 
 
¹¶ ]b^µCAP¶NAFLDD#ww!µi2¶  
ɡ CAP5ʣÄ¬ûʋɾʄȯy±CĔʏơĕˬWȰǮĔʊʐˬ44ɎůʊűȹʣǺʚˬȹȞzʋɾʉ
âBɽʡʄˮɽʞʎˬȰǮĔʊʐˬCAP5ʎÁɍʀʠŔƉɾʄzʋɾʉˬSV-ratioˬSFVˬKupffer
ƝǁȅɘǃˬAdiponectinˬTGɶâBɽʡʄˮ 
 
ǡ2ˮɡ ƻǄƾT¹˩CAP5˪ʋNAFLDŢÔȹȞzʏȹȞÍ  
 
 	 Multivariate analysis 
Parameter B Std. Error Beta P value 
CAP measurement 
SFV, kg 2.33 0.35 0.43 < 0.001 
SV-ratio -0.04 0.02 -0.12 0.035 
Kupffer signal, intensity -0.38 0.09 -0.25 < 0.001 
Adiponectin, ng·L-1 -2.85 1.06 -0.14 0.008 
TG, mg·dL-1 0.12 0.04 0.17 0.001 
Abbreviations: CAP, controlled attenuation parameter; Kupffer signal, Kupffer phase signal 
intensity in contrast enhanced ultrasonography; SFV, somatic fat volume; SV-ratio, skeletal muscle 
mass to visceral fat area ratio; TG, triglyceride. 
 


¶ SV-ratioN]b^gJ¯¥£µi3¶  
ɡ NAFLDÎƴʣ¤ȃʎˬSV-ratioʏxC$Ɂƛʎʝʟˬ	ƍ¹ʏƻǄƾǚƅʏæĢʊɰʠʭˀ˄ʬː5
˩260 dB/m˪ʣȊɳʠţ*ʎȹɾʉˢʶʷ˂ʧˀʱy±CĔʣǞʇʄˮʃʏơĕˬSV-ratio Q4ưʏ˟ʷʱʣ
˯ʋɾʄiˬSV-ratio Q1ʏű¤˟ʷʱʐ1.893ʊɰʇʄˮʗʄˬSV-ratio Q4ưSV-ratio Q1ưʎƂǞʀ
ʠʎɾʄɶʇʉƻǄƾǚƅʏ˟ʷʱɶɾʉɱʄˮƢzʎʝʠǦĨÃʎɴɱʉʛơĕʐjƍʊɰ
ʇʄˮʀʍʢʆˬSV-ratioʏ%ʐƻǄƾǚƅʣïȉʀʠ˟ʷʱzʊɰʇʄˮ 
 
ǡ3ˮɡ SV-ratioʏ%ɶ^ʖʀ	ƍ¹ƻǄƾǚƅʎ¤ʀʠ˟ʷʱʏĞǲ  
 
 Quartiles of SV-ratio 
 	 4th Quartile  3rd Quartile  2nd Quartile  1st Quartile  P for trend 
Moderate to severe steatosis 
Unadjusted 1 1.37 µ0.57 – 3.29¶  1.81 µ0.76 – 4.31¶  1.89 µ0.78 – 4.54¶  0.119 
Model 1 1 2.02 µ0.80 – 5.11¶  3.28 µ1.26 – 8.51¶  4.63 µ1.66 – 12.9¶  0.002 
Model 2 1 2.01 µ0.79 – 5.08¶  3.57 µ1.35 – 9.46¶  5.68 µ1.84 – 17.5¶  0.002 
Model 3 1 1.74 µ0.68 – 4.41¶  3.17 µ1.18 – 8.47¶  4.33 µ1.36 – 13.8¶  0.007 
All 337 subjects (197 men and 140 women) with NAFLD were divided appropriately into the SV-ratio quartiles. 
Model 1: adjusted for age. 
Model 2: adjusted for age and gender. 
Model 3: adjusted for age, gender, and HOMA-IR. 
 


¶ ]IµLS¶NAFLDD#ww!µi4¶
ɡ LS5ʣÄ¬ûʋɾʄȯy±CĔʏơĕˬWȰǮĔʊʐˬ33ɎůʊűȹʣǺʚˬȹȞzʋɾʉ
âBɽʡʄˮɽʞʎˬȰǮĔʊʐˬLS5ʎÁɍʀʠŔƉɾʄzʋɾʉˬSV-ratioˬSFVˬLeptinˬHAˬ
Type ɨ collagenˬHOMA-IRɶâBɽʡʄˮ 
 
ǡ4ˮɡ ƻŹ¹˩LS5˪ʋNAFLDʏŢÔȹȞzʋʏȹȞÍ  
 
  
 	 Multivariate analysis 
Parameter B Std. Error Beta P value 
LS measurement 
	 	 	 	
SFV, kg 0.3 0.04 0.54 < 0.001 
SV-ratio 0.02 0.01 0.18 0.002 
Leptin, pg·mL-1 -0.13 0.04 -0.19 0.004 
HA, ng·mL-1 0.05 0.01 0.49 < 0.001 
Type   collagen, ng·mL-1 0.04 0.01 0.23 < 0.001 
HOMA-IR 0.44 0.14 0.19 0.002 
Abbreviations: HA, hyaluronic acid; HOMA-IR, homeostasis model assessment-insulin resistance; 
LS, liver stiffness; SFV, somatic fat volume; SV-ratio, skeletal muscle mass to visceral fat area ratio. 
 
	

¶ SV-ratio]YWxh¯¥£µi5¶
ɡ NAFLDÎƴʣ¤ȃʎˬSV-ratioʏxC$ɁƛʎʝʟˬƻƩƧTȠǞʏæĢʊɰʠʭˀ˄ʬː5˩12 kPa˪
ʣȊɳʠţ*ʎȹɾʉˢʶʷ˂ʧˀʱy±CĔʣǞʇʄˮʃʏơĕˬSV-ratio Q4ưʏ˟ʷʱʣ˯ʋɾʄiˬ
SV-ratio Q1ưʏű¤˟ʷʱʐ3.643ʊɰʇʄˮʗʄˬSV-ratio Q4ưSV-ratio Q1ưʎƂǞʀʠʎɾʄɶ
ʇʉƻƩƧTʏ˟ʷʱɶɾʉɱʄˮƢzʎʝʠǦĨÃʎɴɱʉʛơĕʐjƍʊɰʇʄˮʀʍʢ
ʆˬSV-ratioʏ%ʐ	ɟ¹ƻƩƧTʏȠ«ʣïȉʀʠ˟ʷʱzʊɰʇʄˮ 
 
ǡ5ˮɡ SV-ratioʏ%ɶ^ʖʀƻƩƧTȠǞʎ¤ʀʠ˟ʷʱʏĞǲ  
 
Quartiles of SV-ratio 
 	 4th Quartile  3rd Quartile  2nd Quartile  1st Quartile  P for trend 
Advanced fibrosis 
Unadjusted 1 1.00 µ0.19 - 5.25¶  2.18 µ0.47 - 10.1¶  3.64 µ0.81 - 16.4¶  0.003 
Model 1 1 1.30 µ0.24 - 6.98¶  3.11 µ0.65 - 14.8¶  6.47 µ1.34 – 31.1¶   < 0.001 
Model 2 1 1.28 µ0.24 - 6.88¶  3.56 µ0.74 - 17.2¶  9.39 µ1.81 – 48.7¶   < 0.001 
Model 3 1 1.11 µ0.20 – 6.09¶  3.23 µ0.67 - 15.7¶  7.83 µ1.46 – 41.9¶  0.001 
All 337 subjects (197 men and 140 women) with NAFLD were divided appropriately into the SV-ratio quartiles. 
Model 1: adjusted for age. 
Model 2: adjusted for age and gender. 
Model 3: adjusted for age, gender, and HOMA-IR. 
 

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M  P SV-ratiofTz 
 ĵŧ=ʣɾʉɱʍɱNAFLDÎƴʎɴɱʉˬ25µʏƠȣǬ¢ɶdǃʊɰʇʄÎƴ48kʎȹɾʉˬ
SV-ratioˬƻƩƧT˘˦ʭ˦ˬƻŹ¹ɴʝʓƻǄƾT¹ʏįȓơĕʣǡ6ʎŻʀˮ 
ɡ ǮĔ¤ȃ>&ʊʐˬSV-ratio˩Baseline; 195.7ˬAfter; 185.0˪ʏċÒʍ%ʋLS5˩Baseline; 7.4 kPaˬ
After 8.6 kPa˪ʏċÒʍNɶǬ¢ɽʡʄˮƻƩƧT˘˦ʭ˦ɴʝʓƻǄƾT¹ʎʐTʣǺʚʍɵ
ʇʄˮ 
ɡ ʝʟǹƝʎĞǲʀʠʋˬȀėȷąʎQ1ưʎ¬ɾʉɱʄÎƴʐˬLS5˩Baseline; 6.3 kPaˬAfter 8.5 
kPa˪ʏNɶɖǙʎǺʚʞʡʄˮɾʄɶʇʉˬ&ƟÙʏÏʐˬƻʏƩƧTʏȠ«ʎ ʀʠɼʋɶŻ
sɽʡʄˮ 
	

6	 SV-ratio
  
 

Values are presented as the means ± SE. Abbreviations: ALB, albumin; CAP, controlled attenuation parameter; HA, hyaluronic acid; LS, liver stiffness; NAFLD, nonalcoholic fatty liver disease; SV-
ratio, skeletal muscle mass to visceral fat area ratio. 
Change Change Change Change
 SV-ratiog/cm2 195.7 ± 6.9 185.0 ± 6.6 -10.7** 152.1 ± 6.1 148.1 ± 6.7 -4.0 213.5 ± 4.2 199.5 ± 5.7 -14.0** 275.7 ± 7.5 255.4 ± 11.2 -20.3
 ALB, g/dL 4.3 ± 0.0 4.3 ± 0.0 0.0 4.3 ± 0.1 4.3 ± 0.1 0.0 4.3 ± 0.1 4.3 ± 0.1 0.0 4.4 ± 0.1 4.4 ± 0.1 0.0
 Platelet, ×109/L 217.2 ± 7.9 224.5 ± 9.3 7.3 221.2 ± 11.7 233.4 ± 14.1 12.2 211.8 ± 13.1 211.3 ± 14.5 -0.5 224.5 ± 15.3 244.5 ± 23.4 20.0
 HA, ng/mL 54.5 ± 6.6 57.7 ± 7.5 3.2 59.0 ± 7.5 57.2 ± 8.4 -1.9 60.4 ± 12.7 67.5 ± 14.6 7.1 20.0 ± 1.8 27.2 ± 6.2 7.2
 Type  collagen, ng/mL 143.7 ± 6.4 146.5 ± 5.1 2.8 149.6 ± 7.3 151.9 ± 8.0 2.3 146.7 ± 12 147.4 ± 8.2 0.7 114.8 ± 5.6 126.7 ± 6.4 11.8
 NAFLD fibrosis score -1.0 ± 0.2 -1.0 ± 0.2 0.0 -0.9 ± 0.3 -0.9 ± 0.3 0.0 -0.9 ± 0.2 -0.9 ± 0.3 0.1 -1.6 ± 0.4 -1.7 ± 0.4 -0.1
 Fib-4 index 1.6 ± 0.1 1.8 ± 0.2 0.1 1.6 ± 0.2 1.7 ± 0.2 0.2 1.9 ± 0.3 2.0 ± 0.3 0.1 1.0 ± 0.1 1.2 ± 0.1 0.1
 LS, kPa 7.4 ± 0.8 8.6 ± 0.8 1.2* 6.3 ± 0.6 8.5 ± 1.2 2.2** 8.3 ± 1.3 8.9 ± 1.3 0.7 8.0 ± 3.1 7.7 ± 2.0 -0.3
 CAP, dB/m 271.8 ± 5.8 282.9 ± 7.0 11.1 278.3 ± 10.2 287.2 ± 10.7 8.8 269.8 ± 7.7 282.9 ± 10.5 13.0 257.3 ± 15.5 268.5 ± 22.6 11.2
Total 1st Quartile 2nd Quartile
n = 48 n = 20 n = 22 n = 6
3rd Quartile
Baseline AfterBaseline After Baseline After Baseline After

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Ǐ ŚĂę« 70OȓƏǽǮǵ 3 ɉÞȁĀƬȷɇȝɃȾȓ|ÔǮɎžåǮǵŊæȓŷ 7Ȁįǰɏƥ
@ĠøǤȌȃǈĠø+8£ȀǤǩȏ SV-ratioɌBaseline; 405.9ɎAfter; 745.6ɍȁj=ȂŘšśŰ
ĸȁËWȀ=ǣǻɎŘȁĈğɊŌŋAȁĞ±ȓËWǮǵɏȆǵɎŘðŠƻ~ɌASTɎALTɎγ-GTɍɎȖɈȤ
ɄɈ¼»«ÁÎɌHOMA-IRɍɎȔȭȕȻșȖɈɎĈğɊƩAȤȮɆȤȼɋșɋɌhs-CRPɎFerritinɎTBARSɍɎ
ŘŌŋAɊȔȻȮɋȢȤȼɋșɋɌNAFLD fibrosis scoreɎWFA-M2BPɎM30ɍȁËWǦƇȉȍȐǵɏ
	

ŷ7ɏǏ ƥ@ĠøǤȌȃǈĠøǦSV-ratioǤȌȃNAFLDĞ±ȀFȅǰ¡ǃ  
 
-
Values are presented as the means ± SD. Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferas
e; CAP, controlled attenuation parameter; FBS, fasting blood sugar; FFAs, free fatty acids; γ-GT, gamma-glutamyltransfe
rase; HA, hyaluronic acid; HOMA-IR, homeostasis model assessment-insulin resistance; HDL-C, high-density lipoprotein-c
holesterol; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; LDL-C, low-density lipoprotein-cholesterol; LS, 
liver stiffness; NAFLD, nonalcoholic fatty liver disease; SV-ratio, skeletal muscle mass to visceral fat area ratio; TBARS,
 thiobarbituric acid reactive substances; TG, triglyceride; TNF-α, tumor necrosis factor-α; VAT, visceral adipose tissue; 
WFA+-M2BP, Wisteria floribunda agglutinin-positive Mac-2 binding protein. 
Change
 Weight, kg 84.2 ± 8.1 72.5 ± 7.6 -11.6 < 0.001
 Waist circumference, cm 98.7 ± 5.5 86.4 ± 6.7 -12.2 < 0.001
 BMI, kg/m2 28.9 ± 2.3 24.9 ± 2.4 -4.0 < 0.001
 Fat-Free Mass, kg 63.5 ± 6.2 58.6 ± 5.7 -4.9 < 0.001
 VAT Area, cm2 170.3 ± 54.5 103.0 ± 49.4 -67.3 < 0.001
 SV-ratio, g/cm2 405.9 ± 116.5 745.6 ± 476.7 339.7 < 0.001
 CAP, dB/m 282.1 ± 42.9 199.6 ± 36.2 -82.5 < 0.001
 LS, kPa 6.4 ± 2.9 5.3 ± 1.6 -1.1 < 0.001
 AST, U/L 26.2 ± 12.3 19.8 ± 5.3 -6.4 < 0.001
 ALT, U/L 35.9 ± 29.6 21.4 ± 10.6 -14.4 < 0.001
 γ-GT, U/L 49.5 ± 31.6 23.3 ± 12.7 -26.2 < 0.001
 FBS, mg/dL 96.5 ± 13.1 88.2 ± 8.0 -8.3 < 0.001
 insulinIRI, µU/mL 9.9 ± 6.9 4.9 ± 3.5 -5.0 < 0.001
 HOMA-IR 2.4 ± 2.0 1.1 ± 0.9 -1.4 < 0.001
 HbA1c, % 5.3 ± 0.5 5.1 ± 0.3 -0.2 < 0.001
 HDL-C, mg/dL 49.8 ± 8.9 53.2 ± 11.3 3.4 < 0.001
 LDL-C, mg/dL 123.7 ± 29.4 111.0 ± 27.9 -12.7 < 0.001
 TG, mg/dL 170.6 ± 119.8 81.7 ± 49.9 -88.8 < 0.001
 FFAs, mEq/L 0.51 ± 0.16 0.65 ± 0.20 0.1 < 0.001
 HA, ng/mL 27.5 ± 23.9 23.3 ± 12.1 -4.2 0.069
 WFA-M2BP, C.O.I. 6.3 ± 0.3 6.0 ± 0.3 -0.3 < 0.001
 NAFLD fibrosis score 0.09 ± 0.30 -2.17 ± 1.14 -2.3 < 0.001
 Fib-4 index 1.02 ± 0.39 1.11 ± 0.47 0.1 < 0.001
 hs-CRP, mg/dL 0.84 ± 0.62 0.47 ± 0.43 -0.4 < 0.001
 Ferritin, µg/L 181.9 ± 87.2 160.0 ± 87.5 -21.9 0.001
 IL-6, pg/mL 1.5 ± 0.9 1.1 ± 0.8 -0.3 < 0.001
 Leptin, pg/mL 7.6 ± 3.8 2.9 ± 1.7 -4.7 < 0.001
 TNF-α, pg/mL 3.1 ± 2.8 2.1 ± 2.4 -1.0 < 0.001
 Adiponectin, µg/ml 5.0 ± 2.4 5.7 ± 2.5 0.6 < 0.001
 TBARS, µM/L 20.7 ± 6.8 17.6 ± 4.8 -3.1 < 0.001
 M30, U/L 263.0 ± 135.3 203.3 ± 80.5 -59.7 < 0.001
Exercise + Diet
P value
n = 70
Baseline After
Anthropometric characteristics
Hepatic abnormalities
Insulin resistance and lipid profiles
Markers of fibrosis
Marker of adipokines, oxidative stress and apoptosis
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ǓǐǏ ŊæȁŻŃ-
Ǐ âīĹȁŊæȓŻŃǰȏɏǏ
1. SV-ratioɌSMM/VFAɍȁ$ŒǼȂɎǍ$ŒǽõƚǮǻɎǍŚĂɎIRɎŘšśŰĸɎšƓě
ğɎǍųaȁ;MǦǍĐǼǠǸǵǫǽȌȎɎSV-ratioȁȂDMȋǍųaȓQȈēûœ³ĞǤȌȃ
NAFLDȁɄȤȜȓj=ǭǲȏ]uǼǠȏǽÄāǭȐǵɏ 
2. ŘǼȂǍǡLS$ɌŘĬɍǽƪȁšśAȓįǰȞɋȤȁ;MȊǍĐǼǠǸǵǫǽȌȎɎSV-ratioȁ
ȂNAFLDŘĞlȁƣ]uǼǠȏLŠ«ȊįUǭȐǵɏ 
3. ǌêļȀǤǡǻȂɎSV-ratioȁ$ŒȂǍ$ŒǽõƚǮǻɎMRSȀȌȎāzǮǵIMCLǤȌȃEMC
LȁŰĸȁ$ǦǍ$ǼǠǸǵɏGSȁPǤȌȃKESȁǦŽǭȐɎSV-ratioȁȀȂƙ
Š<ȁǦƹǮǻǡǵɏ 
4. NAFLDĞ±]uȀƱǮǻȂɎSV-ratioȁ$ŒȂǍ$ŒǽõƚǮǻɎŘðŠƻ~ɎIRɎĈğɊƩ
AȤȮɆȤɎȔȭȕȻșȖɈdŶɌIL-6ɎLeptinȁj=ǽAdiponectinȁĀɍɎȸȳȮșȖɈdŶɌFet
uinAɎFGF21ȁj=ɍɎŘŌŋAɎKupfferŇşȁěčƑǈŠ<ȁǦƹǮǻǡǵɏ 
5. ļŗjóȁƐȁ7¦]uǽǮǻȁðŠȓ¾ǸǻǡȏȼȖȘșȖɈȁķǼǠȏȽȘȤȧȩɈɌMSTNɍ
ȂɎ	ȀǌêļǼM¶ǭȐɎǌêļȁjóȓº7ǰȏǫǽǦĩȍȐǻǡȏɏMSTNȁāzȓŴǸǵŊ
æɎSV-ratioȁ$ŒȂǍ$ŒǽõƚǮǻǍ$ǼǠȎɎļŗƬȁĀɌȡɅȟȺȱȔɍȀƱȒǸǻǡȏ
ǫǽǦįUǭȐǵɏ 
Ǐ
ǔǐǏ ŘšśAɌCAP$ɍǤȌȃŘĬɌLS$ɍǽNAFLDȁĞ±ƱƢ]uǽȁƱƢ«Ǐ
Ǐ ƪ\5åȁŊæǥȍȂɎŘšśŰĸȀ¡ǃǰȏďĺǮǵ]uǽǮǻɎSV-ratioɎSFVɎAdiponectinɎ
TGɎơ¡ƕǂùȀǤǩȏKupfferŇşƑǈŠǦ½4ǭȐǵɌŷ2ɍɏȆǵɎŘĬȀ¡ǃǰȏďĺǮǵ]
uǽǮǻSV-ratioɎSFVɎLeptinɎHOMA-IRɎHAɎType ǜ collagenǦ½4ǭȐǵɌŷ4ɍɏǫȐȍȁŊæȌ
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ȎɎSV-ratioȁȂħÃĢȀɎǠȏǡȂưÃĢȀIRȁj­ɎȔȭȕȻșȖɈdŶɎŘðŠƻ~ȁj
­ȓǧƔǫǮɎǫȐȍȁĞ±]uǦĨȀĕǰȏǫǽǼɎŘšśŰĸǽŘŌŋAȀƱƢǰȏȊȁǽÄ
āǭȐǵɏNAFLDȁŘĞ±ȁ¶ȀȂŘȁȇǿȍǱɎǌêļɎ0ŨšśňŐǿǾȁŨZȁěǽȁ
ƢƱǦvbǰȏȊȁǽŔǣȍȐȏɏ 
Ǐ
ǕǐǏ ŘšśAǤȌȃŘŌŋAƣŴȁɄȤȜõǏ
Ǐ NAFLD ¬ŕȓƏȀɎSV-ratio ȁ[5ƸŅȀȌȎɎĻȁŘšśŰĸȁÁïǼǠȏșȪȮȘȶ
$Ɍ260 dB/mɍȓƕǣȏğȀƱǮǻɇȣȤȬȕȪȜ\5åȓŴǸǵɏǳȁŊæɎSV-ratio Q4ŒȁɄȤȜ
ȓɐǽǮǵhMɎSV-ratio Q1 ȁĨɄȤȜȂ 1.89 #ɌunadjustedɍǼǠǸǵɌŷ 3ɍɏȆǵɎNîȀɎŘŌŋ
AƣŴȁÁïǼǠȏșȪȮȘȶ$Ɍ12 kPaɍȓƕǣȏğȀƱǮǻɇȣȤȬȕȪȜ\5åȓŴǸǵɏǳȁ
ŊæɎSV-ratio Q4ŒȁɄȤȜȓɐǽǮǵhMɎSV-ratio Q1ŒȁĨɄȤȜȂ 3.64#ɌunadjustedɍǼǠǸǵ
Ɍŷ 5ɍɏǭȍȀɎSV-ratio Q4 ŒSV-ratio Q1 ŒȀĵŴǰȏȀǮǵǦǸǻŘšśAǤȌȃŘŌŋAȁɄ
ȤȜǦjoǮǻǡǵɏǮǵǦǸǻɎSV-ratio ȁȂŘšśAȁɄȤȜ]uǼǠȏǫǽȀ=ǣǻɎǳȁŘŌ
ŋAȁƣ]uǼȊǠȏǫǽǦÄāǭȐǵɏ 
Ǐ
Ǐ âīĹǼ¥ȍȐǵŊæȂɎŚĂǦ²«Řĝ¬ȁj­ȀƱƢǰȏ]uǼǠȏgRɌ6ɍɎǌêļȁĀ
Ȃ NAFLD ȓQȈ²«Řĝ¬ȁġğɎƣȋēT
£ȀƱƢǰȏ]uǼǠȏgRɌ29,36-39ɍɎȆǵɎ
ǌêļĀȁĶǦŘĵë¬ŕȁŵ£¶ŎȀ¡ǃǰȏ]uǼǠȏgRɌ49ɍȁ0ȀĨƧǿǡȊȁǼ
Ǡȏɏ 
Ǐ
ǖǐǏ ň¶ěɌǌêļĀǑ0Ũšśj=ɍǏ
Ǐ âīĹȀǤǩȏSV-ratio$ŒȂɎȡɅȟȺȱȔŚĂȁĞ±ȓHÙǮǻǡȏȊȁǽÄāǭȐȏɏÖâŘ
ŨwȁȚȖȯɃȖɈǼȂɎskeletal mass indexɌSMIɍǼǠȏappendicular skeletal muscle massɌkgɍ
/heightɌm2ɍȁÁïǦĕǡȍȐǻǡȏɏȡɅȟȺȱȔȀǤǩȏșȪȮȘȶ$ɌSMI; men < 7.0 kg/m2Ɏ
women < 5.7kg/m2ɎȆǵɎGS; men < 26kgɎwomen < 18kgɍȓĕǡǵhMɎȡɅȟȺȱȔȁfăȀƅ
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ǰȏŸǋŕȂǡǿǥǸǵɏǫȐȍȁĒėȂɎâƋÏȀǤǩȏŸǋŕȁnǨȂNAFLDȓßǰȏŚĂŕǼ
ǠȏǫǽǦŔǣȍȐȏɏÝƞȁƋÏgRǼȂɎȤȻɋȫBwȋň¶wȁżcǥȍɎïăƪȀǠȏ
ŕȁň¶ǽõƚǮǻɎŚĂŕȁň¶ǼȂǌêļɎšśɎǌȁ,ǻȁƪƬǦnǡǫǽȌȎɎȡɅȟȺ
ȱȔȂŚĂȁƹȀȌȎȼȤȜǭȐȋǰǡǫǽǦÁÈǭȐǻǡȏɌ50ɍɏǳǫǼ·ǝȂɎǌêļƬȓň¶
Ɍ\ȂɎ0ŨšśƬɍǼźòǮǵSV-ratioǽǡǢÁïȓĕǡǵɏ 
Ǐ ƁȁÁïǼǠȏǌêļĀǑ0Ũšśj=ɌSV-ratioɍȁĞ±ȀƱǮǻŔǰȏɏǌêļȁƃȂɎ
ļƬȁȇǼƃȓŴǢǽļȁƓȋšśŰĸǿǾǦżƟǭȐȏVǅĉǦǠȏɏâīĹǼȂļƬȀ=ǣǻɎ
ļ<ȁāzɎǭȍȀMRSȀȌȏļšśȁāzȓ|ÔǮǵɏǫȐȍȁžåŊæȌȎSV-ratioȁ$ŒǼȂ
ļƬȁĀȁȇǿȍǱɎļ<ȁɎļȄȁšśüĆǦēǯǻǡȏǫǽǦ×ȍǥǽǿǸǵɏǰǿȒǷɎ
SV-ratioȁ$ŒǼȂɎļƬǽļŌŋȁĀɎǫȐȍȀȌȏIō<ȁɎļŇş0ǽļŇşmȀǤǩ
ȏšśüĆǿǾȁƓĢ>AǦēǯǻǡȏȊȁǽÄāǭȐǵɏȆǵɎMRSȀȌȎāzǮǵļŇş0ǽļŇş
mȀǤǩȏšśüĆȁĶȂŘȁšśAȁĶǽĨƱǮǻǤȎɌ_11ɍɎSV-ratio$ŒȂě¸«šś
Űĸȁ¶ȓ"ƣǰȏĞ±ȀǠȏȊȁǽÄāǭȐǵɏȆǵɎŚĂŕȀǤǩȏȡɅȟȺȱȔȁƂÑȋǳȐ
ȀƱƢǰȏĞ±ƃȓìƀǰȏƺȀȂɎǌêļƬȀ=ǣǻň¶ȓŔ´ǰȏ¨ŻǦǠȏǽįUǭȐȏɏ 
Ǐ
ǗǐǏ ȖɈȤɄɈ¼»«ɎĈğɎLeptině 
ȡɅȟȺȱȔŚĂȀǤǩȏļȁƓĢ>AȁŞÛĞ±ȀȂɎIRɎĈğɎLeptin ěǦƪŻǿ¢;ȓą
ǯȏǽÄāǭȐǻǡȏɏâīĹȀǤǩȏ SV-ratio $ŒȀǤǡǻȂɎǫȐȍĞ±]uȁj­ǦĭƇǭȐ
ǻǡȏɌ_ 16ɍɌ_ 18ɍɌ_ 19ɍɏIR ȂŁÒēȓƣǮļȧɈȳȜȁkȓ=ƠǮɎřļ<ȋÅ<ȁ
ȀȊƱƢǰȏɌ51,52ɍɏȡɅȟȺȱȔŚĂȀȂĈğǦƱǰȏɏšśŇşǼĔēǭȐȏĈğ«ȡȖȮș
ȖɈȂǌêļȀĕǮɎļƬȋļ<ȁĀȓȊǵȍǰLŠ«ǦǠȏɏĈğ«ȡȖȮșȖɈȁųɆȹɅǽ
ǌêļƬȀȂƐȁĨƱƱ!ǦǠȏɌ53ɍɏĎȀ IL-6 ǽǳȁLĄ« IL-6 JȀƱǮǻȂɎȡɅȟȺȱ
ȔŚĂȀǤǡǻǍ$ǼǠȏǫǽǦgRǭȐǻǡȏɌ54ɍɏIL-6ȁj=ȂǍǎŕȁļ<ǽĵ@Š<ȁɎ
ȆǵɎIGF-1ȁļNAĕȓƴ~ǮǻļȧɈȳȜȁkȓ"ƣǮɎǭȍȀ IR ȓj­ǭǲȏɏ 
Ǐ
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ǘǐǏ Ǎ Leptinųğ 
Ǐ ȡɅȟȺȱȔŚĂȀǤǡǻȂɎȡɅȟȺȱȔȋ0ŨeŚĂȀõǮǻųLeptinćǦǍ$ǼǠȏǫǽ
ǦgRǭȐǻǡȏɌ55ɍɏȆǵɎǫȁǍLeptinųğȁŞÛȀȂLeptin¼»«ȁƣǦvbǰȏȊȁǽŔǣȍ
ȐǻǡȏɌ55ɍɏLeptinȂǌêļȀǮǻšś5žȓ"ƣǰȏÓɎȖɈȤɄɈ°J«ȓËWǰȏĕǦ
ĩȍȐǻǡȏɌ56ɍɏȡɅȟȺȱȔŚĂȀǤǩȏLeptin¼»«ȂɎLeptinȁĕƖȌȎļƬȁĀȀŏ
ǦȎɎȆǵAMPKŉƗȓǮǵļȀǤǩȏšśƩƩAǦǰȏǫǽȀȌȎļȁšśŰĸȓ"ƣǰȏǽŔ
ǣȍȐȏɏųLeptinćǽoťļÑǀĸȁƱ!ȂęqǽȊȀƐȁĨƱƱ!ȀǠȏǫǽǦgRǭȐǻǡ
ȏɌ54ɍɏLeptin¼»«ȂȡɅȟȺȱȔŚĂȀǤǩȏƪŻǿĞ±ǼǠȏǽŔǣȏɏâīĹȁžåŊæȌȎɎ
SV-ratio ȁň¶ȁlAȂȔȭȕȻșȖɈɎȼȖȘșȖɈɎȄȳȮșȖɈȁl@ȀƱƢǮǻǡȏȌǢȀÄ
āǭȐȏɏǫȐȍȁȡȖȮșȖɈǦšśŇşɎļŇşɎŘŇşȁȜɇȤȮɋȜȓǮǻȖɈȤɄɈ¼»«ȓƈ
ǮɌ57ɍɎǭȍȀNAFLDŘĞlȁġğǽƣȀƱǮǻǡȏLŠ«ǦǠȏɏ 
Ǐ
Ǐ SV-ratio$ŒȀǤǩȏŘĬȁǍ$ɎųȁŘŌŋAȼɋșɋɌWFA-M2BPɍȁǍ$ɎŌŋA
ā
$ɌNAFLD fibrosis scoreǽFib-4 indexɍȁǍ$Ǧ¯SǰȏȊȁȂɎǡǱȐȊŘŌŋAȁƣȓ
āǰȏ
ȊȁǼǠȏɏSV-ratio$ŒȀȂNASHğǦnǨQȆȐȏȊȁǽÄāǭȐȏɏ 
)ŴīĹɌ39ɍȀǤǡǻɎȡɅȟȺȱȔȁĶǽŘŌŋAȁƱƢ«ǦgRǭȐǻǡȏǦɎǳȁŞÛĞ
±ȀƱǮǻȂC5Ȁž×ǭȐǻǡǿǡɏâīĹȀǤǡǻɎSV-ratio $ŒȀȂǍ Leptin ųğǦƇȉȍ
ȐɎǳȁŞÛȀȂ Leptin ¼»«ȁƣǦvbǰȏȊȁǽŔǣȍȐǻǡȏɌ55ɍɏ8ȌȎ Leptin ȂŘŌ
ŋAȓ"ƣǰȏ]uǽǮǻĕǰȏǫǽǦ×ȍǥǽǭȐǻǡȏɌ58,59ɍɏLeptin ȀȌȎŌŋAǦ"ƣǭȐȏ
5uȿșȱȥȾȁǹǽǮǻȂɎLeptin ǦǇú0ĤŇşȋ Kupffer Ňşǥȍȁ TGF-β Ĕēƈȓ®Ɣ
ǰȏǫǽǦÁÈǭȐǻǡȏɌ60ɍɏȌǸǻ SV-ratio $ŒȀǤǩȏǍ Leptin ųğȂŘŌŋAȁ¶Ȁƪ
Żǿ¢;ȓ¾ǸǻǡȏǽŔǣȍȐȏɏ 
 
ǙǐǏKupfferŇşƑǈŠ 
âīĹȁŊæȌȎɎSV-ratio $ŒǼȂɎSonazoid ȓĕǡǵơ¡ƕǂùìçȀǤǡǻɎKupffer Ĩȁ
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ƛ$Ǧß¯ȀĀǮǻǤȎɎKupffer ŇşȁěčƑǈŠ<ǦǮǻǡȏȊȁǽÄāǭȐǵɏ
Sonazoid Ȃ Kupffer ŇşȀƑǈǭȐȏơ¡9ǼǠȎɌ61,62ɍɎŘŨȁðŠƂÑȀĕǡȍȐǻǧǵɏơ¡
ƕǂùìçȂ NASH ȁ¿ǡǪȀßĕǼǠȏɌ63ɍɏNASH ġğȋŘŌŋȁƣȀȂţ0Ňŭ5u
ȁŭ0ôņɌlipopolysaccharide : LPSɍǦƪŻǿ¢;ȓæǵǰǦɎLPSȀǰȏē'ȁ3ĒŠ<Ȋ
ƪŻǼǠȏɏSV-ratio ȁ$ŒǼȂ Kupffer ŇşȁěčƑǈŠ<ȁɎLPS ȁj=ɎŘĬȁj­
ǦƇȉȍȐǵɏǳȁĞ±ȀȂɎKupffer ŇşȁěčƑǈŠ<ȁǽŪĊ*Ĝû«AȀȌȏĈğ«ƻ
~ȁűǦÄāǭȐȏɏLPS ȂŪĊ*Ĝ¾Ňşȁ Kupffer Ňşȁ Toll-like JȀƇƎǭȐĈğ
ȢȝȰɅǦû«AǭȐȏɏǭȍȀɎSV-ratio ȁ$ŒȀǤǩȏǍ Leptin ųğȂ Kupffer Ňş Toll-like
Jȁ LPSȀǰȏ°J«ȓjoǭǲɌ64ɍɎŘĞlȓƣǭǲȏǽÄāǭȐȏɏ 
 
ǚǐǏNAFLD¬ŕȀǤǩȏ SV-ratioǦũŉƦȀFȅǰ¡ǃ 
Ǐ žåƏ,ǼȂɎSV-ratioȁǽLSȁj=ǦŽǭȐǵɏȆǵɎȌȎƆŇȀìƀǰȏǽɎƊçƯs
ÚȀQ1ŒȀǮǻǡǵ¬ŕȂɎLSȁj=ǦǆůȀƇȉȍȐǵɏǮǵǦǸǻɎň¶ɌSV-ratioɑ
SMM/VFAɍȁěȂNAFLDȀǤǩȏŘŌŋAƣȁɄȤȜj=ȀǰȏǽÄāǭȐȏɏǮǥǮɎžå
ƏǦ48OȁȇȁǵȉɎ£ɎğÎȓjȋǮìƀǮǵǡǽŔǣǻǡȏɏ 
 
ǛǐǏ ƥ@ĠøǤȌȃǈĠøǦ SV-ratioǤȌȃ NAFLDĞ±ȀFȅǰ¡ǃ 
Ǐ ƥ@ĠøǤȌȃǈĠø+8£ȀǤǩȏSV-ratioȁj=ȂŘšśŰĸȁËWȀ=ǣǻɎŘȁĈ
ğɊŌŋAȁĞ±ȓËWǮǵɏȆǵɎŘðŠƻ~ɎȖɈȤɄɈ¼»«ɌHOMA-IRɍɎȔȭȕȻșȖɈɎĈğɊ
ƩAȤȮɆȤȼɋșɋɎŘŌŋAɊȔȻȮɋȢȤȼɋșɋȁËWǦƇȉȍȐǵɏȆǵɎƦEȀ·ǝǦ|Ô
ǮǵŚĂę«ȓƏǽǮǵƥ@|ƘȀȌȏĀƬ+ƄǋȁŊæɌ65,66ɍȀǹǡǻ£ȑPǧȀžå
ǰȏǽɎƥ@+8£ȀǤǩȏSV-ratioȁj=ȂŘšśŰĸȁËWȀ=ǣǻɎŘȁĈğɊŌŋAȁĞ±
ȓËWǮǵɌdata not shownɍɏÓɎǈĠøǼȂSV-ratioȁj=ȂƇȉȍȐǱɎȈǮȑĀǮǵɏƥ
@ĠøȂǈĠøǽõƚǮǻɎȔȭȕȻșȖɈdŶȁËWȀƱǰȏß¯ǿěȂƇȉǿǥǸǵǦɎȸ
ȳȮșȖɈǼȂIRȀǥǥȒȏSepɌ67ɍȁĀǽ»ŚĂ?æȓġÆǰȏFGF21Ɍ68ɍȁj=ȓƈǮǵɏǭȍ
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ȀɎȼȖȘșȖɈǼȂɎļŮōȀƱǰȏMSTNɌ66ɍȁĀȓƈǮǵɏƥ@ĠøȀȌȏSV-ratioȁËW
ȂɎǫȐȍȁēĒû«]uȁl@ȓǮǻNAFLDĞ±ȁËWȀŏǦȏȊȁǽÄāǰȏɏ 
Ǐ
ǛǐǏ âīĹȁƮ¸ɊĪ¸ 
âīĹȁƮ¸ȂɎǫȐȆǼȁ)ŴīĹɌ29,39ɍǽõƚǮǻɎNAFLD ȁƂÑɎšśAǽŌŋAȁŘĞ
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